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Abstract 
One of the promises behind self-quantification is to transform the ways in which we live our lives through the 
collection of numerical evidence about the body and its activity. Although this process may boost self-knowledge, 
everyday life involves a complex network of relationships with other bodies that exert a significant, sometimes 
determining, influence on how we act. This complexity is poorly captured by a purely quantitative perspective that 
is only concerned with individual behaviour. 
Digital self-quantification data—such as that generated by wearable activity trackers—opens new possibilities to 
transform current unhealthy social practices, like the ones related to sedentary lifestyles. In this work, I explore 
how interaction designers may design self-quantification systems which support transformative play. I do so by 
reframing self-quantification data as something to be modulated into perturbations to other human and non-
human bodies that participate in existing social practices and establish new couplings between selves. By coupling 
quantified bodies, a new dynamic of co-evolution through embodied interactions is enabled, which, in turn, 
affects the elements that realise, perform and reproduce existing social practices. 
Taking a research-through-design approach, I have studied three designs in everyday contexts of use, drawing 
from different qualitative methods such as cultural probes, participant observation and semi-structured interviews. 
Each system puts forward different modulations of self-quantification data, enabling screen-based, tangible and 
embodied interactions.  
Firstly, I designed Watch your Steps, a shared, situated display of an individual’s number of steps for a collocated 
group of co-workers. Secondly, I designed Dyna, a meeting table that self-adjusts its height based on a group’s 
levels of activity. Finally, I designed Dataponics: Human–Vegetal Play, a system in which a quantified plant receives 
water and light according to someone’s walking activity, then plays different music styles according to its moisture 
level.  
In these designs, self-quantification couplings were designed to enable play that transforms social practices while 
preserving players’ autonomy and individuality. I have also tried (sometimes without success) to avoid both 
coercion and prescribing limited courses of action. By applying these values, these designs enabled new forms of 
play which in some cases had transformative power. 
Based on analysis of these studies, I explore some of the implications of embracing play-inspired design values to 
enable social change, discussing insights and design tensions when designing self-quantification systems that go 
beyond the self and the numbers. I also speculate about the future of self-quantification, keeping a critical distance 
from current self-quantification systems. 
With this work, I aim to expand our understanding of the transformative possibilities of play in the context of self-
quantification and the transformation of social practices.  
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Chapter 1        
Introduction
1.1 Introduction 
In the last few years, a whole new category of digital 
products that allow us to continually measure facets of 
ourselves have emerged, facilitating the practice of 
self-quantification. These devices allow us to keep 
track of and easily access data about our weight, 
physical activity levels and sleep quality, among other 
things, which provides us with a new source of 
information about our bodies and, equally importantly, 
certain aspects of what we do in our everyday lives. 
These technologies offer the potential to facilitate 
individual change through increasing our awareness of 
and reflection about our practices and everyday 
patterns of behaviour (Lupton 2013, p.29). This 
potential has motivated millions of users to start 
quantifying their lives using different kinds of devices 
and technologies.  
The idea behind self-quantification can be summarised 
as follows: through the continuous and sustained act of 
measurement and quantification of things like steps 
taken, calories ingested, weight, bodily posture and so 
forth, we are able to collect evidence that would 
otherwise remain invisible (Viseu & Suchman 2010, 
p.165). These new sources of data provide us with new 
ways of looking at our bodies and the things we do, 
increasing our awareness and self-knowledge, which, 
in turn, facilitates positive individual change. As a result 
of this process, we may become healthier, more fit, 
more productive—in summary, better versions of 
ourselves—according to whatever view of a good life is 
that is being enacted. According to this way of framing 
self-quantification, our bodies—which are seen as 
“incomplete” when considering the demands and 
opportunities of the information age (Viseu & Suchman 
2010, p.179)—can be “used, transformed and improved 
in order to attain happiness and excellence” (Pantzar & 
Ruckenstein 2014).  
The practice of measuring our bodies and what we do 
with them has a long history. Take, for instance, the 
case of the weight scale. From the public ‘penny scales’ 
to the modern digital scales which automatically 
upload weight data to internet servers, weight tracking 
has been around at least from the 19th century 
(Schwartz 1986, p.186). This example shows that, 
besides weight management, at the core of these 
practices resides the belief that self-quantification will 
lead to self-knowledge and self-awareness, which in 
turn will result in a better life (Pantzar & Ruckenstein 
2014). As an illustration, some early public scales in 
Paris had the following inscription: “He who often 
weighs himself knows himself well. He who knows 
himself well lives well” (Crawford, Lingel & Karppi 
2015). 
Besides these promises of self-knowledge and 
improvement, self-quantification technologies also 
bring issues; shifting from a subjective to a numerical 
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approach to evaluating aspects of our lives may result 
in a normalisation of the human body, where self-
quantification is not only about what a particular 
measurement is but also about what someone’s life 
should be (Schwartz 1986, p.166). In other words, a 
definition built from aggregated data shapes a precise 
definition of what is normal and what is not, what is 
good and what is bad and so forth, setting a standard 
view on what a good life is. By accepting an externally 
defined standard, the self-quantifier also gives away 
agency; it is a way of embracing the idea that there are 
better sources of knowledge about ourselves outside 
ourselves (Crawford, Lingel & Karppi 2015). As a result, 
self-quantifiers also need to deal with the frustration 
(and all that comes with it) related to the new moral 
imperatives of, say, the amount of physical activity that 
someone should achieve, the ideal weight for 
someone and so on.  
In summary, we live in an age in which measuring and 
dealing with massive amounts of data about the self 
have become easy and affordable. This convenience, 
though, comes with a price: conceding agency to 
other entities which, subsequently, become an 
authoritative source of knowledge on how bodies 
should be and how lives should be lived. Paradoxically, 
these new socially defined quantitative standards also 
bring frustration, guilt and other results which are 
undesired and detrimental to our wellbeing. 
A broken promise of self-improvement 
One of the promises behind the idea of self-
quantification is to transform the ways in which we live 
our lives through the continuous collection of 
numerical evidence about the body and its activity. By 
quantifying ourselves, we are able to observe, 
compare, analyse and reflect on data that represents 
our current patterns of living, transforming the body 
into a “different kind of knowable, calculable and 
administrative object” (Shove, Pantzar & Watson 2012, 
p.100), which may contribute to bettering ourselves. In 
particular, based on the growing evidence of the 
negative consequences of sedentary practices, self-
quantification offers a seductive promise: to start 
tackling this issue by just counting your daily steps, 
measure your jogging sessions and so forth. Just like a 
widely used mantra from the business world:  
If you cannot measure it, you cannot control it. And if 
you cannot control it, you cannot manage it. 
(Harrington 1991, p.164)  
But has this promise of self-improvement been 
fulfilled? Is this plethora of connected sensory devices 
really transforming our lives for the better? Is self-
quantification helping people to become less 
sedentary?  
If we look at activity trackers like Fitbit—the most 
popular self-quantification device for activity tracking 
and the one that I used in all the experiments in this 
research—the numbers do not give an optimistic 
picture: less than half of its historical customers are still 
active users, averaging six months of usage before they 
stop wearing the device (Fitbit 2015). These numbers 
show, at least for the most popular device, a lack of 
success in embracing a sustained data-driven change 
towards healthier ways of living. At least they suggest 
that current ways of collecting, processing and 
presenting data back to the users are not a panacea 
that is solving our sedentary lifestyle problem.  
Moreover, recent evidence shows that self-
quantification may produce negative health outcomes. 
A randomised intervention among 470 participants 
showed that the group that used an activity tracker had 
less weight loss than a group with only the base 
intervention (Jakicic et al. 2016). On the other hand, 
Sjöklint et al. (2015) suggest that self-quantification 
devices are mainly used for self-exploration rather than 
as an actual commitment to change; in other words, 
self-quantification works as a different kind of mirror 
(Neff & Nafus 2016, p.102). Furthermore, the authors 
suggest looking at collected self-quantification data 
usually ends with users postponing change and finding 
excuses that rationally explain or neglect the data, as a 
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coping tactic to deal with broken expectations (ibid.). 
These results show how introduction of digital devices 
into everyday practices sometimes leads to 
counterintuitive results and, moreover, how this 
approach does not offer any advantage over others 
that do not draw on self-quantification. 
Perhaps an explanation of these findings is provided by 
Pantzar and Ruckenstein (2014) when they suggest 
that, in order to become integrated into our lives, self-
quantification needs not only to measure, but also to 
matter. For example, by measuring our heartbeats 
using a heart-rate monitor, we might change our 
relationship with our hearts, becoming more 
emotionally attached to them; therefore “hearts and 
their beating start to matter more” (ibid.). Although 
relevant, it seems that those current affective 
encounters enacted by self-quantification are not 
significant enough to the ‘selves’ yet, at least not 
enough to enable lasting change in their lives.  
Another possible cause of this lack of impact of the 
now popular self-quantification systems is a somewhat 
narcissistic bias embedded in the core of the 
quantified-self ideal, associated with discourses of self-
maximisation and objective measurement of 
performance (Lupton 2013, p.28). When individual 
behaviour becomes the focus of intervention, efforts 
tend to be made to rationally persuade individuals to 
change beliefs and attitudes that inform behaviour 
choice; however, this approach disregards the complex 
network of relations—social context, materials, 
meanings and so forth—of which the individual 
behaviour is but a small part (Shove 2010). In the 
context of self-quantification technologies, this 
approach tends to disregard the significance of the 
generated data in relation to a broader context. In sum, 
the complex network of relations with other bodies—
which exert a significant, sometimes determining 
influence on our behaviour—is poorly captured by a 
purely quantitative perspective that is only concerned 
with individual behaviour. 
1.2 What this research is about 
This research project explores ways in which we might 
design interactions with self-quantification data in 
order to transform current unhealthy ways of living into 
more healthy ones; in other words, self-quantification 
systems for wellbeing. Therefore, the main research 
question explored in this work is: 
How may we design meaningful self-
quantification systems for play and 
wellbeing? 
From this main question, some sub-questions [RQ] 
emerge: 
[RQ1] How may we enable meaningful 
interactions within self-quantification systems? 
[RQ2] How could we integrate such meaningful 
interactions into current social practices?  
[RQ3] How do social practices change by using 
this particular approach? 
Here, I explore ways in which we can design self-
quantification-based systems that afford meaningful 
interactions, giving opportunities for connecting with 
others. In other words, designing self-quantification 
systems for wellbeing that have significance beyond 
the self.  
I explored these research questions through the design 
challenge of reconnecting us to our walking beings. To 
be more precise (and less transcendentalist), the design 
works included as part of this research aimed to 
understand ways in which we may become walking 
bodies again, taking advantage of digital data about our 
walking activity which we can now easily collect, 
transform and modulate. My aim was, therefore, to 
transform sedentary practices, i.e., the ones related to 
prolonged periods of sitting.  
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In order to make those interactions meaningful I draw  
on play-based approaches towards design, such as 
Ludic Design (Gaver 2014) and Pleasurable 
Troublemakers (Hassenzahl & Laschke 2015). In sum, 
play is our way of enabling meaningful interactions. 
Why play? 
Our aim is to design self-quantification-based 
interactions that have significance and impact beyond 
the self. This is highly relevant because, as suggested 
by Ploderer et al. (2014), accomplishing such 
meaningful systems without falling into approaches 
that enable competition between individuals remains 
an ongoing challenge. Besides these concerns, there 
are also the risks of limiting people’s autonomy or 
giving a passive role to the people that these systems 
aim to affect. Therefore, it is important to avoid these 
pitfalls and fully respect the autonomy of the people 
we are trying to help with our designs. We also should 
think in ways to motivate individuals to embrace 
healthier ways of living without considering them as 
purely motivated by self-interest. 
In this research, I suggest that play offers opportunities 
to address the challenge of enabling meaningful 
interactions. Firstly, as I discuss in section 2.3.1, its 
open-ended nature elicits autonomy and, at the same 
time, limits external control (i.e., influencing the 
interactions in order to achieve external ends). 
Secondly, as discussed in section 2.3.2, play can also be 
framed as a powerful transformative force. Thirdly, 
although it can be enacted individually, the focus of 
play is not the individual's self-interest; it is play itself 
(Sicart 2014a, p.16). This focus on the process and not 
the outcome is what makes play a powerful yet non-
manipulative way of enabling human transformation. 
This may seem paradoxical, as change is often 
considered an outcome itself; however, in this work I 
consider human transformation a continuous process 
of becoming in which social practices evolve into 
something else as time passes. In this light, something 
like ‘an unhealthy way of being’ is not something to be 
fixed, but a complex system that can be perturbed and 
transformed. In doing this, my aim is to avoid taking an 
static, reductionist, individual-oriented approach that 
often falls short in addressing the challenges related to 
designing for human transformation discussed earlier.  
The play-based design approach of this research is 
mainly inspired by the idea of Ludic Design (Gaver 
2002), in which the focus of design is on offering 
means that facilitate exploration, preserving people’s 
agency over the interactions: 
[Ludic Design] creates situations that people can 
explore and interpret for a variety of reasons and from 
diverse frames of reference. As goals are relinquished, 
so are notions of problems to be solved or preferred 
courses of interaction to be encouraged. Instead, 
designs are better thought of as offering resources to 
people to make use of as they see fit. This does not 
mean that such designs are completely open-ended or 
that they do not privilege certain topics or issues. On 
the contrary, one of the responsibilities of the designer 
is to highlight areas that are richly suggestive. The trick 
is to do this without implying preferred interpretations 
or courses of action, instead stepping back to allow 
people to find these for themselves. 
This approach is not particularly common in self-
quantification systems, which as discussed in section 
2.4 are often prescriptive and oriented to the individual. 
Overcoming this prescriptive tradition and the 
approaches that are related to it (e.g., reducing 
autonomy, enabling individual competition, exploiting 
self-interest and so forth) is a challenge even for 
designers who are against them, as they are embedded 
in current forms of self-quantification. 
Why sedentary practices? 
Most (if not all) of you, readers of this document, are 
now sitting. It may be at a café, your desk or a sofa, but 
it is, according to my prediction, very unlikely that you 
are now doing something that involves bodily 
movement like walking or jumping; in other words, you 
are now, at least for a moment, being sedentary. And it 
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is time for me to confess: I am also writing this 
document while sitting.  
This should not be too surprising: for most of us, 
several activities that we engage within our everyday 
lives, such as reading, writing, eating, travelling, using a 
computer, having a meeting and so on, are strongly 
related to sitting time. In other words, “the chair is 
frequently the site of the practice of everyday life” 
(Bissell 2008). Moreover, if we observe the spaces in 
which most of us spend our work and leisure time, we 
will find that sitting artefacts such as chairs and sofas 
are now ubiquitous, at least in modern Western 
cultures. How much is this sitting environment shaping 
our sedentary practices? Is this sitting environment 
really a response to our physiological needs? 
This ubiquitous sedentarism has not been always the 
case. The process of becoming sitting beings, as Ralph 
Caplan provocatively suggests, is closely related to the 
idea of civilisation: “a chair is the first thing you need 
when you don’t really need anything, and is therefore a 
peculiarly compelling symbol of civilization” (Caplan 
1978, p.18). Furthermore, Galen Cranz frames our 
sitting habits as a purely cultural phenomenon: 
“created, modified and nurtured, reformed and 
democratized in response to social—not genetic, 
anatomical, or even physiological—forces” (Cranz 
2000, p.30). 
But why should we care about sitting?  
To start answering this, we can look at the health 
impacts of prolonged sitting. Recent evidence suggests 
many harmful consequences of a sedentary lifestyle, 
such as an increased risk of diabetes, heart disease and 
even premature death (Healy et al. 2008; Duvivier et al. 
2013). Yet regular activities—like the ones related to 
work, leisure and social life in the Western world—often 
require long periods of sitting or very little bodily 
movement, which undermines our health and 
wellbeing. Moreover, some studies suggest a negative 
relationship between mental health and sedentary 
behaviour (Onofrei et al. 2004; Sanchez-Villegas et al. 
2008). 
Notably, these damaging health effects of extended 
lapses of sedentary time—understood as “sitting, lying 
down, and expending very little energy“ (Owen et al. 
2010)—cannot be compensated for by short bursts of 
exercise (Duvivier et al. 2013). In other words, too 
much sitting is not the same as too little exercise 
(Owen et al. 2010). On the other hand, activities that 
may be considered sedentary because of their very 
light intensity or limited bodily movement (e.g., 
standing from a sitting position or walking just one 
step) show significant health benefits (Hamilton et al. 
2008). Therefore, an equivalence between “being 
sedentary” and “sitting without being otherwise active” 
has been suggested in this context (Owen et al. 2010, 
2011).  
In sum, according to recent evidence from the health 
sciences, reducing sitting time and increasing the 
frequency of light-intensity activities like standing and 
walking, in addition to regular physical activity, are 
recommended in order to reduce the negative impact 
of today’s sedentary life (Healy et al. 2008; Owen et al. 
2010; Cooper et al. 2012).  
In short, we need to sit less and move (or stand) more. 
And this need provides us with an excuse to explore 
how transformative play within self-quantification 
systems may contribute to wellbeing. 
Between Interaction Design, UX and HCI 
Throughout this research, I have had to integrate and 
engage at different depths with a diversity of 
disciplines, such as: design, computer science, 
psychology, sociology, philosophy and anthropology, 
among others. I did all of this from a previous 
background in civil industrial engineering and 
information systems. I therefore consider this work to 
be transdisciplinary research (Wickson, Carew & Russell 
2006; Hadorn et al. 2008), as I developed this work 
 16 
 
 
with the aim of going beyond any of these particular 
disciplines, exploring and integrating knowledge and 
literature from all of them. In particular, I developed 
this transdisciplinary work as practice-based research 
(Candy 2006), using a research-through-design 
methodology (Zimmerman, Forlizzi & Evenson 2007).  
My main focus of enquiry was to understand ways in 
which we may design digital systems that help people 
find their way towards self-transformation. This might 
suggest that this research falls into the area of 
persuasive computing and, more generally, Human–
Computer Interaction (HCI). Although I heavily draw in 
literature from both, throughout this research I have 
tried to go beyond pure functionality; my position was 
to embody certain values in the artefacts that I built, 
considering both aesthetic and ethical implications of 
my design decisions. Rather than considering digital 
artefacts as neutral tools, my aim was to overcome the 
purely informational approach of current forms of self-
quantification and take a more systemic approach.  
Although there are exceptions (for a review, see Tuch 
et al. 2012), HCI traditionally has less emphasis on the 
designs’ aesthetic qualities and the ethical implications. 
In contrast, the tradition of Interaction Design is 
concerned with how we shape digital artefacts with a 
particular focus on the experience, considering both 
ethics and aesthetics (Löwgren 2002; Fallman 2008). 
Furthermore, Yuille positions Interaction Design 
between HCI and design (Figure 1), highlighting 
Lowgren’s view of Interaction Design as a practice 
concerned with shaping interactive products through 
focusing on their use (Yuille 2012). 
Similarly, User eXperience (UX) highlights aspects like 
beauty, pleasure and affect involved in interactions 
with technology (Forlizzi & Battarbee 2004). 
Hassenzhal and Tractinsky (2006) suggest that UX is 
concerned with a triad between the internal state of 
the user, the system’s characteristics and the context in 
which interaction occurs (Figure 2), providing examples 
of research projects that are concerned with surprise, 
moods, intimacy and fun, like Alben (1996),  Gaver and 
Martin (2000) and Vetere et al. (2005). The authors 
suggest that UX introduces an alternative paradigm to 
the dominant task-oriented and work-related view in 
usability and HCI (Hassenzahl & Tractinsky 2006). 
In this work, I embrace the three aspects suggested by 
Fallman in his Interaction Design Research Triangle: 
design practice, design studies and design exploration 
(Fallman 2008), with particular interest in design that 
goes beyond functionality. Therefore, in my reflection I 
also embrace ethic and aesthetic aspects of the 
interactions with digital technology. I also 
acknowledge a strong influence from William Gaver’s 
Ludic Design (Gaver 2002), which highlights aspects 
involved in design like pleasure, surprise, users’ 
autonomy and playfulness. Although I draw on many 
authors and literature from the HCI tradition, and given 
Figure 1. Interaction Design (IxD) as the intersection between 
HCI and design (adapted from Yuille 2012) 
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my design focus (rather than on engineering or 
sciences), I position this research within the traditions 
of Interaction Design and UX, both of which are still 
intimately related to HCI. Yet, as I consider this work to 
be transdisciplinary, audiences from other disciplines 
may also find interest in this work’s insights and 
discussions.  
Approach: coupling quantified bodies 
In this research, I suggest coupling quantified bodies as 
an approach in which self-quantification provides a 
meaningful way of enabling unfamiliar bonds and 
interactions between the elements that participate in 
sedentary practices. By doing so, a coevolving dynamic 
between the coupled bodies is enabled, which 
transforms social practices in unpredictable ways. 
Such an approach is the result of three design projects 
that have been studied in real contexts of use. Firstly, I 
designed “Watch your Steps”, a shared, situated display 
of an individual’s number of steps for a co-located 
group of co-workers. Secondly, I designed “Dyna”, a 
meeting table that self-adjusts its height based on a 
group’s levels of activity. Finally, I designed 
“Dataponics: Human–Vegetal Play”, a system in which 
a quantified plant receives water and light according to 
someone’s walking activity, then playing different 
music styles according to its moisture levels.  
In these designs, self-quantification couplings are 
designed to enable play as an open-ended interaction 
which transforms social practices while preserving 
players’ autonomy and individuality. I have also tried to 
avoid both coercion and prescribing limited courses of 
action. By embracing these values, these designs 
enabled new forms of play which in some cases had 
transformative power. 
1.3 Thesis outline 
The thesis structure is described in Figure 3.  
This first chapter has aimed to introduce the reader into 
the topics of this research: self-quantification, play and 
interaction design. 
The second chapter provides a review of the current 
theories and related works that are relevant to this 
research and, as such, helps to inform it and is 
therefore presented in three sections. Each section 
addresses one of the sub-questions that set the scope 
of this research.  
The third chapter describes the methodology and 
research methods using Crotty’s framework (Crotty 
1998), which consists of four planes: epistemology, 
theoretical stance, methodology and methods.   
Following my discussion of methodology, I dedicate 
three chapters to the main design projects that I have 
conducted throughout this research: Watch your Steps 
(Cercos & Mueller 2013), Dyna and Dataponics: 
Human–Vegetal Play (Cercós et al. 2016). A small 
chapter discussing the findings from an Integration 
Workshop is presented in Chapter 7.  
Figure 2. User experience (UX) is concerned with the triad: 
the state of the user, the system and the context (adapted 
from Hassenzahl & Tractinsky 2006) 
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A discussion chapter follow these projects in order to 
present how the results of my analysis make sense as a 
whole. I achieve this through synthesising the findings 
and insights from all the lines of work mentioned 
above, by discussing common insights and suggesting 
design tensions that appear when designing for 
coupling quantified bodies.  
Finally, the last chapter of this thesis gives an overview 
of my main conclusions and suggestions for future 
work as informed by this project.  
1.4 Publications 
Cercós, R., Goddard, W., Nash, A. & Yuille, J. (2016), 
‘Coupling quantified bodies’, Digital Culture & Society, 
vol. 2, no. 1, pp. 177–182. 
Cercos, R. & Mueller, F.F. (2013), ‘Watch your steps: 
designing a semi-public display to promote physical 
activity’, in ACM International Conference Proceedings 
Series. 
Goddard, W. & Cercos, R. (2015), ‘Playful hacking within 
research-through-design’, in OzCHI 2015: Being 
Human – Conference Proceedings. 
Rowe-Roberts, D., Cercos, R. & Mueller, F.F. (2013), 
‘Preliminary results from a study of the impact of digital 
activity trackers on health risk status’, Studies in Health 
Technology and Informatics, vol. 204, pp. 143–148. 
Figure 3. Thesis structure 
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Chapter 2        
Background and 
Related Work 
2.1 Introduction 
In this chapter, I present an overview of the different 
discussions, theories and related works that have 
informed this research.  
My research explores ways in which we may design 
interactions with the purpose of changing sedentary 
practices. I am particularly interested in play 
interactions that draw on self-quantification data from 
digital devices. Hence, the questions (Q) that guide this 
literature review are: 
[Q1] How could interaction design make a difference in 
people’s everyday lives using digital technology? What 
challenges exist in shaping people’s behaviour?  
[Q2] What kind of mechanisms of self-quantification 
can help to transform behaviour and social practices? 
How may we reframe interactions within self-
quantification systems as meaningful ones?  
[Q3] How could we integrate such meaningful self-
quantification systems for wellbeing into people’s 
everyday lives? 
The first question [Q1] is addressed in section 2.2, 
allowing me to discuss the different ways in which 
digital technology exerts influence over our everyday 
lives. The second question [Q2] is addressed in section 
2.3, which discusses the notion of play and how we 
could re-think self-quantification from a play-based 
perspective. Finally, the third question [Q3] is 
addressed in section 2.4, which discusses different 
approaches taken by research and industry projects in 
order to use self-quantification to shape everyday life.  
2.2 Shaping people’s everyday 
lives through digital 
technology 
In this section, I will review different behaviour change 
and motivation theories, in order to understand how 
technology can transform individual behaviour and 
some of the challenges of such transformation. Later, I 
will also introduce the idea of social practice, as a 
different frame to analyse human action. Finally, I will 
discuss the embodied approach towards cognition and 
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its repercussions in the way we understand interaction 
design.  
2.2.1 Challenges in shaping individual 
behaviour and motivation 
Behaviour change theories aim to explain what causes 
individual human behaviour. Theories of behaviour 
change usually embrace models that are focused on a 
limited number of factors (such as cognitive, cultural, 
psychological and physiological) in order to suggest 
correlations or a cause–effect relationship between 
them and a resulting behaviour (Jackson 1997). In 
particular, questions regarding how behaviours start, 
stop and evolve are relevant to behaviour change 
theories (Reeve 2014, p.22). The study of motivation—
"the processes that give behaviour its energy and 
direction" (ibid., p.8)—is, therefore, relevant to 
behaviour change theories as it provides frameworks 
and techniques to effectively design interventions that 
aim to produce a desirable outcome, such as healthier 
or more sustainable habits and overcoming of 
addictions. In my research, I aim to transform 
sedentary lifestyles into more physically active ones 
through digital technology; therefore, behaviour 
change theories and frameworks provide a good 
starting point which helps to ideate and justify design 
decisions, and also to understand some of the 
observed effects while interacting with the digital 
artefacts we design. 
There are many theories around behaviour change and 
motivation within the field of psychology, which brings 
forth a diversity of perspectives and schools of thought 
(for an extensive list, see ibid., p20). For instance, goal 
setting theory (Locke & Latham 1994) focuses on the 
impact of goals in motivation and behaviour. Taking a 
different perspective, social cognitive theory (Bandura 
1989) describes how social environments and vicarious 
experience affect self-efficacy, or our perception of 
our own ability to accomplish a task. One last example 
is nudge theory (Thaler & Sunstein 2008), which 
focuses on the manipulation of the setting in which 
individual choices are made with the aim of promoting 
or discouraging certain alternatives. These different 
approaches show us different facets of human 
motivation and behaviour, and give us clue about their 
complexity. Such complexity must be acknowledged in 
any attempt to design for influencing human 
behaviour. In what follows, I discuss briefly the theories 
about motivation and behaviour change that are 
relevant for this work.  
Carrot and sticks: incentives, rewards and 
punishments 
For a long period, the debate about behaviour change 
was reduced to the language of reinforcements and 
punishments, motivators and barriers (Shove 2010); put 
in another way, carrots (=motivators) and sticks 
(=punishments, barriers). If a subject does (or does not 
do) something, then a consequence occurs (which 
may be positive or negative). Deci, Koestner and Ryan 
(1999) suggest that such an approach may be 
explained by the strong influence in experimental 
psychology of the school of thought known as 
behaviourism (Watson 1930; Skinner 1974). This view is 
focused on empirical observations of the behavioural 
and bodily responses to external stimuli, with the aim 
of using these stimuli to achieve a desired response. 
According to this view, one of the ways in which such 
influence can be achieved is by discouraging a certain 
behaviour based on its consequences through external 
reinforcements (e.g., rewards) or punishments (Skinner 
1974, p.51).  
If we translate these external influences into the 
language of motivation, we talk about intrinsic and 
extrinsic motivation (Ryan & Deci 2000). When intrinsic 
motivation is present, people act in order to satisfy 
themselves. On the other hand, when people act to 
satisfy an external entity, for instance as a way of 
getting an external reward, avoiding punishment, 
getting social recognition or satisfying social 
expectations, we talk about extrinsic motivation.  
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Although a consequence-based approach (i.e., if–then 
rewards and punishments) is effective in influencing 
human behaviour in many cases (Miltenberger 2011, 
p.9), particularly in the short term (Rigby 2014), it also 
has negative long-term consequences. Some authors 
highlight that this approach only considers the subject 
of intervention as an outcome-oriented, passive actor 
with little to say about the involved courses of action, 
losing the opportunities to make people aware of and 
accountable for their own choices throughout the 
process of behaviour change (Hassenzahl & Laschke 
2015). In a book review, John Rowan even claims that 
behaviourism-related approaches are "wrong 
theoretically, wrong technically, wrong morally and 
wrong politically" (Berlyne et al. 1975).  
This approach also requires an observable behaviour in 
order to provide the reinforcement or punishment, 
ignoring the grey area in which some people are closer 
to actual change than others. In particular, the 
transtheoretical model (Prochaska & Diclemente 1983; 
Prochaska, Diclemente & Norcross 1992) suggests 
different stages of change in which the last one is 
sustained, observable behaviour. In this model, new 
behaviour comes after a sequence of stages in which: 
at the lower extreme, someone does not care about 
adopting a new behaviour; then, they may be thinking 
about adopting a new behaviour; eventually, they may 
decide to change a behaviour in the near future; and 
only when that behaviour is enacted, there is another 
stage in which it can be also sustained over time. This 
theory shows that, even if an intervention does not 
trigger a new behaviour, it may help move people 
closer to actual change, showing that such progress is 
not always observable. In sum, the transtheoretical 
model, as opposed to if–then approaches, reframes 
individual behaviour change as a continuous process 
to engage with rather than just a result to achieve. 
Besides the critiques mentioned so far, the use of an 
if–then approach also comes with a high price to pay 
in terms of motivation. Behaviour researchers have 
shown that using external incentives has serious 
unintended side effects such as undermining intrinsic 
motivation (Deci, Koestner & Ryan 1999), interfering 
with learning processes (Vansteenkiste et al. 2005) and 
affecting self-regulation (Ryan 1992). When external 
rewards or barriers are introduced (like payments, 
competitive pressure, supervision and threats of 
punishment or reward), something that was previously 
done just for fun (i.e., intrinsically motivated) is now 
increasingly done for the reward or to avoid 
punishment. As shown by Deci et al.  (1999), 
introducing rewards or punishments affects the 
perception of why someone chose to engage with a 
particular action in the first place. 
But this approach does not only diminish intrinsic 
motivation; the use of if–then incentives may also curb 
performance and creativity, encouraging short-term 
and unethical behaviour (Pink 2011). Therefore, 
designers should be aware of these unintended 
consequences of using punishments and external 
reinforcements when designing digital artefacts that 
aim to contribute to wellbeing and healthier ways of 
living; consequence-based interventions may backfire 
by destroying enjoyment and intrinsic motivation for 
the behaviours we want to promote, or by creating 
undesired consequences such as fostering unethical 
behaviour and short-term thinking.  
Pink (2011) shows that there are ways to address these 
issues. For instance, framing a task in the context of a 
larger purpose or even acknowledging that something 
is boring can help in curbing the negative outcomes of 
if–then incentives. Also, the use of now–that rewards 
(i.e., incentives that are given after a task is finished but 
without an agreement in advance) can be a good 
strategy according to Pink; if a reward is not agreed in 
advance, it may be considered recognition, which, in 
turn, fuels motivation.  
In sum, using reinforcements and punishments can 
produce short-term changes in behaviour; however it 
may backfire and reduce intrinsic motivation to 
embrace certain behaviour. Moreover, there are 
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critiques related to the low level of user agency in this 
approach, which also does not consider the different 
stages that exist before actual change; behaviour 
change is framed as a result to achieve rather than a 
process to engage with. By providing a larger purpose 
to which a particular action contributes or by using 
positive reinforcements without previous agreement 
we can, at least in part, overcome some of these 
limitations. Besides these ways to curb the undesired 
effects of this approach, an open question remains 
about the ways in which motivation can be positively 
influenced in the long term by external influences 
without destroying existing intrinsic motivation.     
Internalising extrinsic motivation: self-
determination theory 
What can we do to influence a person’s behaviour, 
increasing their intrinsic motivation? Put in another 
way: is it possible to increase intrinsic motivation using 
externally designed influences? Gaming psychologist 
Scott Rigby (Rigby 2014) suggests that by being 
“mindful of fostering a deeper quality of motivation 
that emphasises personal value” it is possible to 
achieve a better quality of motivation, including one 
that is purely extrinsic. Deci and Ryan (2000) discuss 
the concept of internalisation: the more internalised 
are the forces that explain the motivation to act—the 
extent to which this motivation reflects our true 
selves—the more intrinsic the related motivation 
becomes (i.e., the better its quality is). Deci and Ryan 
describe an internalisation continuum, where at one 
extreme we can find purely external motivation and at 
the other we can find the fully integrated motivation 
(the closest to the purely intrinsic motivation). Along 
this continuum, the authors describe four stages 
(Figure 4): 
Figure 4. Different stages in self-determination theory (reproduced from Ryan & Deci (2007)) 
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1. External regulation, or motivation that is explained 
entirely by forces outside the self, like punishments, 
incentives and rewards. 
2. Introjected regulation, or the kind of motivation that 
comes from internal pressure caused by feelings of 
guilt, shame, obligation or external expectations, 
usually involving the ego. Rigby (2014) notes that this 
kind of motivation is at least controlled by ourselves 
rather than by others (like external regulation). 
3. Identified regulation, or the kind of motivation that 
we can feel when we truly value the outcome or the 
end that explains what we are doing, even when the 
activities that we need to undertake are not 
pleasurable. In this case, the self truly values and 
endorses the goals that are being pursued.   
4. Integrated regulation, which refers to when 
someone can understand that the activities do not exist 
in isolation and, even when they are not always 
enjoyable, that these activities are part of a meaningful 
life. This is the deepest level of internalisation from 
extrinsic motivation. 
These stages show that there are different qualities of 
motivation in relation to the level of internalisation of 
an activity. Therefore, according to this theory we 
should aim to enact internalised forms of regulation for 
the desired actions we want to promote through our 
designs. This is a relevant insight: it is possible to 
influence behaviour externally without the negative 
consequences of an if–then approach. A higher form 
of regulation needs to be achieved through meaningful 
integration into a larger context of activities with an 
intrinsic purpose.  
But how can we achieve such integrated regulation? 
Ryan and Deci (2000) describe three sources of the 
‘energy’ that fuel our motivation. Firstly, we have 
physiological needs, originally presented as lower level 
needs by Maslow (1943) in his hierarchy. These include 
eating, drinking water, breathing and so forth. 
Secondly, we have emotional states. Emotions like 
anger, sadness and amusement deeply influence our 
motivational energy. Finally, we have the three basic 
psychological needs: competence (i.e., being effective 
and successful in the activities we engage with, 
growing our mastery), autonomy (i.e., being able to 
determine the way we do things and freely choosing 
between different options) and relatedness (i.e., the 
sense involved in the things we do in which we matter 
to others and they matter to us). Ryan and Deci also 
explain how these three needs play a key role in 
facilitating lasting behaviour change and sustained 
engagement, among other things. In sum, these 
psychological needs should be highlighted when 
designing interactions that aim to increase motivation 
to do or engage with something. 
Rigby and Ryan (2011) specifically highlight how play 
can effectively satisfy these psychological needs and, 
therefore, help players to achieve positive outcomes. 
This is particularly relevant when considering 
behaviours with an extrinsic nature, meaning that they 
are instrumental in achieving a goal, such as doing 
exercise in order to get more fit. In these cases, play 
can increase the levels of internalisation of such 
extrinsic behaviours and goals through increasing the 
perceived mastery, relatedness and autonomy, thus 
improving the quality of the underlying extrinsic 
motivation. In sum, if we want to design for sustained 
motivation which becomes part of people’s lives in a 
meaningful way, we should design interactions which 
increase their sense of mastery, autonomy and 
relatedness. Play can provide a good frame for 
achieving such higher forms of motivation, as I explore 
later in this chapter (see section 2.3.1). 
In is important to highlight that this theory does not 
imply that both intrinsic and extrinsic goals and 
behaviours have the same motivational power; goals 
and behaviours that have an intrinsic nature provide 
stronger engagement and better outcomes. Therefore, 
when possible, these intrinsic elements should be 
emphasised (Rigby 2014). This distinction is interesting, 
yet it may sometimes be difficult to understand the 
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intrinsic/extrinsic nature of a goal. For example, is 
playing a musical instrument triggered by intrinsic or 
extrinsic motivation? For someone who plays only for 
the sake of it, it might be the former; for someone who 
only wants to become a pop star and get rich, it may 
be the latter. Yet in both cases the three psychological 
needs may all be at some level satisfied, which explains 
why the player keeps playing. 
In summary, self-determination theory provides a lens 
through which we can analyse how a system’s design 
supports the three basic psychological needs: 
autonomy, competence and relatedness. By 
understanding the intrinsic or extrinsic nature of the 
behaviours that are intended or promoted by a 
motivational design, we can focus on achieving a 
greater internalisation of such behaviours (in the case 
of the extrinsic elements) or strengthening the positive 
outcomes and deepening the engagement with a 
system (in the case of intrinsic goals and behaviours). 
Pitfalls of choosing individual behaviour as the 
unit of analysis 
So far I have discussed behaviour as something 
determined by the individual, yet sometimes 
influenced by external entities (such as rewards and 
punishments). The choices of how to behave belong 
fundamentally to the individual, who receives 
influence from the context in which the behaviour 
occurs. However, this does not match many situations 
of our everyday experiences. For instance, as I am 
writing these words I know how good for my health it 
is to stand up and walk every 30 minutes. I am also 
motivated to engage with physical activity and I am 
convinced that I should be more physically active 
throughout the day. I even indulge myself when I stand 
up… yet I normally sit for up to five hours in a row 
during my writing sessions. Theories that employ 
individual behaviour as the main unit of analysis fail in 
overcoming these contradictory outcomes, as our 
actions are not purely determined by individual choice 
nor by the external influences that may inform it.  
As a way of addressing the complexity that influences 
how we act, Thaler and Sunstein (2008) suggest the 
nudge theory. This theory focuses on how the 
environment in which decision-making operates 
(“choice architecture”, in the authors’ terms) may be 
manipulated to indirectly promote better alternatives 
without forbidding any options, in what the authors 
denote “libertarian paternalism”. An example of 
nudging is putting healthy food in a more visible place 
than unhealthy ones; nothing is forbidden, the 
incentives do not change, but healthy food is indirectly 
promoted.  
Other authors highlight the roles of social context, past 
experiences and bodily responses. In his social 
cognitive theory (Bandura 1977, 1989, 1997), Albert 
Bandura introduces the concept of self-efficacy, which 
refers to the assessment that a person has about their 
own ability to perform a task or achieve a goal. Self-
efficacy, according to Bandura, can play a crucial role 
in succeeding in changing behaviour (Bandura 1977) 
and is based on four information sources:  
1. performance outcomes (i.e., past success or 
failure in facing a challenge), 
2. vicarious experiences (i.e., success or failure of 
others in facing a challenge),  
3. verbal persuasion (i.e., what others tell us about 
our future performance), 
4. physiological feedback (i.e., how our body 
responses are interpreted when facing a 
challenge).  
In other words, our perception of our ability to achieve 
a goal considers our personal and others’ experience 
while facing similar challenges, others’ discourses on 
our future performance and our own bodily responses. 
While this approach still considers individual behaviour 
as the unit of analysis, it highlights the social forces that 
shape our behaviour. Gaver (2014, p.517) highlights this 
influence in explaining our inability to do some of the 
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things we think are right, suggesting that, therefore, 
designing for behaviour change has a fundamentally 
political nature. 
These critical perspectives share a more systemic view 
in which individuals are not the unit of analysis but, 
rather, only a part. Other authors even suggest that 
individuals are only carriers of practices that are 
continually reproducing.  In what follows, I discuss 
how such understanding reframes the problem I am 
trying to address in this section: how to shape 
everyday life through interaction design.   
2.2.2 Shifting from behaviours to 
practices: the practice turn 
To overcome views of human behaviour that are solely 
focused on the individual (such as the ones discussed 
earlier), some researchers suggest a "practice turn" 
(Schatzki, Knorr-Cetina & Von Savigny 2001) which 
changes the unit of analysis from behaviour to a 
broader notion: practices.  
But why do we need a turn? Some behaviour-oriented 
theories that understand social change as the addition 
of individual decisions—focused on what Shove calls 
the ABC: Attitudes, Behaviour and Choice (Shove 
2010)—are widely accepted and used, yet they seem to 
provide a reductionist account of why we do what we 
do. Moreover, in our everyday experience we can 
observe that there is often a clear dissonance between 
people's values and beliefs, and their actual choices 
(Blake 1999).  
While recognising the influence and effectiveness of 
the ABC paradigm focused on the individual in some 
cases, social practice theorists challenge the idea that 
behaviour is purely driven by individual motives 
(Shove, Pantzar & Watson 2012; Maller 2012). But they 
do so without suggesting the opposite (i.e., that it is 
driven by purely external forces). Rather, they suggest 
that "human activity, and the social structures which 
shape it, are recursively related" (Shove, Pantzar & 
Watson 2012, p.3); in other words, the social context 
shapes action and, in turn, individual actions shape the 
social context in which the actions occur.  
These views are aligned with psychological theories 
that highlight the great influence of the social context 
on individual behaviour, such as social cognitive theory 
(Bandura 1989); however, there are some particularities 
in the so-called practice turn. According to Maller 
(2012) there are four main features that distinguish the 
social practice view from more behaviour-oriented 
understandings:  
1. Its emphasis on materiality, which provides 
things and technologies with their own agency 
and an active role within practices (e.g., 
Reckwitz (2002)).  
2. The distinction between practices-as-entities 
and practices-as-performances, originally 
suggested by Schatzki (1996). Under this frame, 
Figure 5. Social practices are comprised of skills, meanings and materials 
(adapted from Kuijer 2014) 
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practices-as-entities are the elements and 
relations that constitute a practice as 
recognisable doing (what Maturana would 
denote as its organisation (1974)). On the other 
hand, the continuous performance of that 
doing, which ensures its reproduction, is the 
practice understood as performance (Warde 
2005; Shove & Pantzar 2007; Schatzki 1996).  
3. Finally, the idea that practices have trajectories 
during which they are adapted and changed 
through their performance (Warde 2005) is also 
one of the main features of the social practice 
theory highlighted by Maller. 
Another interesting question regarding change is: how 
do social practices evolve? According to social practice 
theorists, three elements constitute social practices: 
meanings (i.e., common, shared understandings of 
how and why things are done), skills and knowledge 
(including both tacit and explicit knowledge) and 
materials (i.e., infrastructures that enable the 
performance of practices) (Strengers 2009; Maller 
2012; Shove, Pantzar & Watson 2012).  
Subsequently, practices are reconfigured when those 
elements, or the relationships between them, change. 
This can be done through the introduction of 
unfamiliar elements or relationships between the 
existing elements, in what Shove et al. call "disruptive 
moments" (2007, p.31; Kuijer 2014). If the new 
configuration is performed repeatedly, eventually 
more ‘carriers’ will be recruited and the practice will be 
transformed (see Figure 6).   
Kuijer (2014, p.42) also shows how a practice view can 
serve to explore how practices could or should be in 
the future in two ways: by disrupting a situated 
practice; and by integrating new elements (or links) 
into practices-as-performances. According to her 
view, this may help to gain insights and make routine 
practices visible. This shows that a social practice 
approach serves not only for design practice, but also 
as a design research method.  
Shove (2010) also notes that when individual behaviour 
becomes the focus of enquiry, social change 
interventions—like introducing digital artefacts that aim 
to change behaviour—tend to focus on rationally 
convincing individuals to change beliefs and attitudes 
which inform undesirable behaviour choices. This 
approach disregards the complex network of 
relations—social context, materials, meanings and so 
forth—of which the individual behaviour is but a small 
part. In other words, this approach tends to 
underestimate the significance of, and the co-
constitutive relation with, the broader context in which 
action occurs. In response, a social practice lens 
suggests that behaviours and the contexts in which 
they occur have no separate existence, being both 
“sustained and changed through the ongoing 
reproduction of social practice” (Shove 2010).  
Therefore, according to this view, rather than trying to 
influence individual attitudes and beliefs through 
changing the individual’s context, we should think 
about ways to affect the complex dynamics that 
emerge from the relationships between the elements 
that define a social practice as a whole, where the 
human is only a carrier. We should aim not for 
behaviour change but, rather, for a social practice 
transformation. This can be done by disrupting the 
practice through the introduction of new things, 
meanings or knowledge, or by affecting the links 
between the existing elements of a practice. This 
resonates with the nudging approach (Thaler & 
Sunstein 2008) presented earlier, which manipulates 
the material setting in which choice occurs, 
acknowledging the power of the material elements 
that surround us in shaping what we do. 
Social practice theory and Interaction Design 
In the last two decades, the Interaction Design 
research community has embraced a practice-turn as a 
way to "avoid simplified, dualistic perspectives on 
human action", like mind/body separation or framing 
interactions as inputs/outputs (Fernaeus, Tholander & 
Jonsson 2008). The practice-based approach also 
 29 
 
 
helps understand action as something socially and 
physically situated, acknowledging the embodied 
nature of cognition (Dourish 2004a). Fernaeus et al. 
(2008) suggest four areas in which the practice-turn 
shifts previous understandings within Interaction 
Design: information-centric to action-centric; from 
systems with properties to interaction-in-context; from 
individual to shared; and from objective to subjective 
interpretation. These four areas show how the focus 
shifts from the individual action and the system to the 
contextual and social nature of subjective experience.  
However, traditional understandings of how people 
make sense of the world are often insufficient to 
support a social practice view. Such paradigms of 
cognition—as a linear sequential process of perceiving 
an external reality which is then represented in our 
minds, resulting in action as a response (Newell & 
Simon 1972; Simon 1997)—do not fully capture such 
                                                
1 https://tricycle.org/magazine/embodied-mind/ 
(accessed 25 January 2017) 
complexity nor provide theoretical foundations which 
are aligned with a social practice view. 
As a response, a different view of cognition has been 
adopted in computer science and Interaction Design 
research (Klemmer, Hartmann & Takayama 2006) in 
which cognition is fundamentally embodied. In order 
to understand this radically different view, in what 
follows I introduce a biology-based view of cognition 
based on the work of two Chilean biologists: 
Humberto Maturana and Francisco Varela. 
2.2.3 The mind is not a computer: 
embodied cognition 
The cognitivist approach to cognition (Ertmer & Newby 
1993) assumes that reality is an objective pre-given that 
is perceived and subsequently represented in our 
brains; then, based on this perceptual input, 
appropriate action occurs through our bodies (Ertmer 
& Newby 1993; Hurley 2001). In such an approach, 
behaviour is what results from a linear sequence in 
which the perception of reality comes first, then the 
processing and representation of perceptual input, and 
finally appropriate action through our bodies; in this 
view, reality, mind and body operate in three separate 
domains. According to Thomson, in this argument:  
The mind is made up of representations inside the 
head. The cognitive science version says that the mind 
is a computer—the representations are the software, 
and the brain is the hardware.1 
Based on the study of the biological processes 
involved, Maturana and Varela reframe cognition, 
challenging the cognitivist paradigm. In their approach 
—which has been very influential in fields like social 
sciences (e.g., Luhmann 1995), computer science (e.g., 
Winograd & Flores 1987) and cybernetics (e.g., Von 
Figure 6. Representation of how practices change by introducing unfamiliar elements: 
skills, images or stuff (reprinted from Kuijer 2014) 
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Foerster 1979), among other fields—cognition results 
from the sensory–motor correlations experienced by 
living organisms; in other words, perception and action 
are both inseparable from the process of cognition. To 
build these ideas, Maturana and Varela (1987) have 
developed a theoretical body of knowledge rooted in 
biology, in what they call “biology of cognition”. Their 
work was deeply inspired by the earlier work of the 
French philosopher Maurice Merleau-Ponty in the 
phenomenology of perception (Varela, Thompson & 
Rosch 1991).  
One of the key concepts of the biology of cognition is 
the idea of structural coupling. As a result of reciprocal 
and recurrent perturbations between an organism and 
its environment, structural coupling emerges as a 
process of co-evolution and mutual congruent 
transformation in which both the organism’s and the 
environment’s structures change in order to remain 
coupled, yet their organisations remain intact. In this 
way, changes that result from the interaction between 
organism and environment are only triggered by the 
disturbing agent but “determined by the structure of 
the disturbed system” (Maturana & Varela 1987, p.96). 
This is what Maturana and Varela call structural 
determinism.  
In order to understand these ideas, I should first clarify 
what Maturana and Varela mean by organisation and 
structure (Maturana & Varela 1980, p.xix). For them, 
“the relations between components that define a 
composite unity (system) as a composite unity of a 
particular kind” constitute the system’s organisation. 
Here the notion of identity becomes strongly linked 
with the organisation of a system; if the latter changes, 
“the system loses its identity and the entity becomes 
something else”. In contrast, structure is the realisation 
of a particular organisation, including components, 
properties and so on. An organisation may be realised 
through many different structures; if the structure 
changes without changing the relationship between 
the components, the identity is preserved.  
For example, when we think about a ‘potted plant’, we 
are referring to the organisation in which a vegetal 
organism is placed and lives inside a pot that is filled 
with a medium. This particular organisation (denoted 
‘potted plant’) may be realised by different structures: a 
basil plant inside a plastic pot filled with soil, a mint 
plant growing in expanded clay inside a wooden pot, a 
tomato plant living in any other growing medium 
inside any kind of pot and so on. All of these different 
structures realise the same organisation called ‘potted 
plant’. The changes in the potted plant when 
interacting with other structurally coupled elements is 
determined by its structure and not by the interaction. 
For example, the impact in the plant of some water, 
light, fungus, and so forth are related to the plant itself, 
not with the water, light and fungus.   
The process of cognition, for Maturana and Varela, is 
the actual acting or behaving within the domain of 
interactions in which an organism “can act with 
relevance to the maintenance of itself” ˆ(1980, p.13). 
Further, cognitive interactions are the internal changes 
that are relevant to the organism’s maintenance, 
without loss of its identity (i.e., without changing its 
organisation). This change can be denoted as learning 
(or historical transformation) if the transformation 
occurs through experience in opposition to other 
changes that depend on the evolutionary history (ibid., 
p.13).  
Later, Varela and other colleagues extended this body 
of work in coining the idea of enaction (Varela, 
Thompson & Rosch 1991), which highlights that acting 
in the world and meaning creation are indivisible; 
cognition is a history of structural coupling which 
enacts (i.e., brings forth) a world. Other authors have 
contributed to developing the idea of embodied 
cognition, summarised by Van Dijk (2013) in four 
principles:  
1. Reasoning from the body, which means that 
cognition goes far beyond the brain and 
involves the body as a whole.  
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2. Against modularity, which is related to a rather 
systemic view of cognition, in comparison with 
a modular approach of cognitivism (which 
assumes that the cognitive system can be 
understood from its separated parts; (Fodor 
1983)).  
3. Against a linear sequential process, which 
explains the circular nature of cognition, with 
complex dynamics, in opposition to the linear 
sequence reality–perception–cognition–action, 
mentioned before.  
4. Cognition happens in action, which is against 
considering cognition as something that is 
detached or separated from the world. 
It is possible to find links between this view and social 
practice theory, which has been introduced earlier in 
this chapter. If we think of social practices as the result 
of the structural coupling between us and society 
(formed by other people, material stuff, shared 
meanings, knowledge, the relations between all the 
elements and so forth), then our (inter)actions can be 
framed as ways in which we preserve our identity as 
legitimate members of certain social groups. As 
Maturana and Varela state  (1980, p.xxix):  
All kinds of societies are biologically legitimate. Yet not 
all are equally desirable as systems in which an 
observer human being may wish to live.  
In some ways, changing social practices may result in 
becoming antisocial in the domains of experience that 
are being affected. Acknowledging this may help us 
understanding why it is so difficult to enact change in 
individuals without considering the whole systems of 
social practices that reproduce certain ways of living. 
2.2.4 How digital technology can shape 
everyday life 
So far, I have discussed two different philosophical 
approaches towards changing people’s everyday lives. 
One the one hand, there is an approach that is based 
on understanding and influencing individual behaviour, 
for example by using reinforcements or punishments 
(as suggested by behaviourism) or by affecting some 
qualities of the things we do in order to increase and 
internalise motivation (as suggested by self-
determination theory). On the other hand, there is a 
social practices–based approach which suggests 
introducing new elements and/or relationships as a 
means of disrupting systems of social practices. In this 
section I discuss the role of digital technologies, and 
particularly self-quantification systems, in supporting 
change in everyday social practices.  
It is not difficult to find examples where technology 
transforms human lives. Take, for instance, how 
people used to work in the past and how people work 
nowadays, or the ways people communicate with 
others today compared with the old days. This interest 
in the interaction between humans and technological 
artefacts, and how they shape experiences and 
practices, has led to what philosophers of technology 
like Don Ihde call post-phenomenology (Ihde 1995; 
Verbeek 2011) As Verbeek (2011, p.4) states: 
When technologies are used, they inevitably help to 
shape the context in which they function. They help 
specific relations between human beings and reality to 
come about and co-shape new practices and ways of 
living. 
Firstly, in his quote Verbeek gives technology a role in 
bringing forth the relationships between us and the 
world (“help specific relations between human beings 
and reality to come about”). In the case of digital 
technology, we can think of the many ways in which it 
becomes an extension of our perception, having a 
mediating role. This is particularly true for self-
quantification systems; as stated by Viseu and 
Suchman (2010, p.165), thanks to such systems we can 
now observe things that would be otherwise invisible, 
such as blood glucose levels or the number of steps 
taken in a day. But this mediating role not only extends 
our perception, it also filters it (Chalfen 2015). 
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Therefore, technologies give us access to a limited set 
of perspectives from which then we relate to the 
world, leaving many others out. Some authors suggest 
that, rather than a mediating role of technology, 
humans and technology become a new entity: the 
cyborg (Haraway 1992). 
Secondly, Verbeek distinguishes technologies’ role in 
shaping practices. From this perspective, the role of 
technology is not only to facilitate what we have 
always done nor just make it more efficient but, rather, 
to transform it (Dorrestijn 2012, p.21). From the view of 
social practice theory (discussed in section 2.2.2), we 
can say that such transformation occurs because 
technology becomes a new element of the social 
practices we enact while, at the same time, it changes 
the existing relationships between the other elements 
that participate in those practices.  
Finally, and closely related to the previous points, 
Verbeek highlights that technologies ultimately affect 
our ways of living. In summary, technologies like self-
quantification systems not only transform the systems 
of social practices we live in and how we relate to 
them, but end up transforming us as well. In terms of 
their influence in our lives, interactive technologies 
have an advantage over traditional media like TV and 
radio, as interactive media can adjust their responses 
and actions based on how the interaction evolves. 
Furthermore, Fogg (2003) suggests that interactive 
technologies have some advantages over humans 
regarding persuasion, such as the potential to be more 
persistent, offer anonymity and manage higher 
volumes of data.  
The role of digital technologies in our lives has also 
rapidly changed, bringing forth new forms of 
interaction enabled by the increased processing power 
and the reduced size of computers. In order to 
understand how interactive technologies and our 
interactions with them have changed, I will briefly 
describe the evolution in how we interact with 
computers over the last decades. 
Embodied interactions: tangible and social 
We can find many examples of ubiquitous computing 
in the category smart, such as smart thermostats and 
fridges which are internet-connected and extend 
traditional features of such things. Yet these examples 
do not put forward an embodied cognition approach; 
usually, these devices still focus too much on 
automation, control and information, rather than 
enabling the new forms of interaction which empower 
users (Intille 2002). There is an opportunity in 
embracing an embodied cognition approach to the 
design of digital technology, which should be focused 
on supporting (or transforming) social practices in their 
context, shaping the social and physical world they 
operate in. This opportunity is articulated by Paul 
Dourish, who coined the term embodied interactions 
(Dourish 2004b). 
Drawing on a phenomenological stance which places 
subjective experience at the centre of any ontological 
and epistemological question (Husserl 1982), Dourish 
describes an approach to HCI and Interaction Design in 
which embodied action—sensorimotor correlation, or 
coupling between perception and action—is the 
source of meaning creation (Dourish 2004b, pp.128–
144). Therefore, our engagement with a world full of 
digital artefacts, according to Dourish, allows us to 
create, manipulate and share meaning, making the 
world, in turn, meaningful.  
Because of embodied interactions’ focus on the direct 
encounter with the world, these have two particularly 
relevant dimensions which are familiar to our everyday 
experience: the tangible and the social. The tangible 
dimension acknowledges the direct manipulation of 
artefacts instead of metaphors, which is central to 
sense-making in embodied interactions; if an image is 
worth a thousand words, a tangible object is worth a 
thousand images.  On the other hand, the social 
dimension acknowledges the dialogue between us and 
our computers; embodied interactions are built on 
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dialogues which are similar to the ones we have with 
other people.  
In sum, in this approach meaning arises in the 
interaction between a user and a system; it does not 
come from representations (van Dijk 2013). In 
Dourish’s words (2004a, p.14): 
Embodiment is not about physical reality, but rather 
about availability for engagement. The embodied-
interaction perspective is concerned with the way in 
which the meaningfulness of artefacts arises out of 
their use within systems of practice. 
Therefore, in interactions that embrace an embodied 
approach, rather than a metaphorical representation of 
it, a world that we encounter directly becomes the 
medium for interactions, drawing on the same sense-
making processes. This creates an additional challenge 
for design: embodied interactions participate in the 
same messy, mundane and fluid circumstances of our 
everyday life (Dourish 2004b, pp.177–183).  
Designing interactions to unleash change 
Focusing on the computer itself instead of interactions, 
the psychologist B.J. Fogg introduced the concept of 
persuasive technologies (Fogg 2003). His views 
highlight the fact that interactive technologies have 
great potential to effect changes in attitudes and 
behaviours. In this view, computing technologies are 
intentionally created to “attempt to change attitudes or 
behaviours or both” (Fogg 2003, p.15). Fogg identifies 
three roles in which interactive technologies exert an 
influence in our behaviours:  
1) Computers as tools, making some hard activities 
possible, easier or more efficient 
2) Computers as media, providing experiences that 
motivate and persuade, enabling users to 
explore cause–effect relationships and helping 
users to rehearse a behaviour 
3) Computers as social actors, rewarding with 
positive feedback, modelling a target behaviour 
and providing social support. 
Although it is difficult to find explicit references to 
other authors and theories in Fogg’s works, he seems 
to share the emphasis on tangibility (computers as 
tools), sense-making (computers as media) and social 
phenomena (computers as social actors) of Dourish’s 
embodied interactions. Yet his focus on the 
computer—he talks about persuasive technology 
instead of persuasive interactions—suggests that 
Fogg’s views do not acknowledge the messy 
circumstances of everyday life, which are always 
situated. As Dourish (2004b, pp.170–177) suggests, 
designers should be aware that they only suggest 
meanings—couplings—and ways of interaction 
through their designs, but users, through their actions, 
make such design situated (i.e., they act in a particular 
context of socially constructed meanings, interactions, 
materials, etc.). which may be very different to the 
processes and contexts that the designer originally had 
in mind. In sum, it is not possible to know exactly how 
a product is going to be used in practice, yet we, as 
designers, can still speculate about the ways in which 
the artefacts we design will be used.  
Other views acknowledge the situated nature of 
action. For example, some authors suggest the ideas of 
material arguments (Redström 2006) or material tales 
(Dunne 2005) in which objects convey an idea that 
aims to interpellate users and, ultimately, convince 
them. Hassenzhal and Laschke’s aesthetics of friction 
(Hassenzahl & Laschke 2015, pp.180–183) also try to 
introduce artificial friction to people’s everyday 
environments as a way to make visible alternative 
courses of action through objects (for details, see 
section 2.4.4). Other examples are slow design and 
slow technology (Hallnäs & Redström 2001), which aim 
to create artefacts that are deliberately designed to be 
slow as a way to create awareness of processes that 
are usually hidden by automation within interactive 
technologies. Taking a similar approach, Dunne (2005) 
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develops a critique of transparent, easy-to-use 
interfaces, as they naturalise “conceptual models, 
values, and systems of thought the machines embody” 
without giving agency to the human in the man–
machine dialogue. These critical views highlight 
opportunities for interaction design to still exert a 
positive influence in our everyday lives but always 
support people in developing a critical role in such 
change.  
2.3 Reframing interactions with 
self-quantification systems 
as meaningful 
A diverse range of self-quantification devices for health 
are commercially available, measuring things like 
number of steps, sleep, heart rate, UV radiation and 
back posture, among others. Some of these features 
are often integrated into everyday devices like 
smartphones, facilitating the adoption of what Li et al. 
(2011) call “personal informatics”. 
With this diversity of devices, a quantify-self movement 
has emerged, bringing together people who embrace 
different forms of self-quantification with the mantra 
“self-knowledge through numbers” (Choe et al. 2014). 
Although the term ‘quantify-self’ refers to all the efforts 
to measure human performance regardless of the 
technology, quantify-self enthusiasts have increasingly 
adopted digital devices for their self-quantification 
practices. Taking a social practice theory stance, 
Pantzar and Ruckenstein (2014) frame these practices 
as “everyday analytics”, highlighting that what is being 
measured goes beyond the individual. 
Self-quantification devices are usually framed as tools 
to increase our awareness of our bodies and the 
activities we engage with, which in turn should 
facilitate improving ourselves (ibid.). This sounds like a 
positive aim. But what about their dark side? In the 
past, a question like ‘how is your sleep going?’ was 
necessarily about someone’s perception of their own 
sleep quality, whereas nowadays we can have a 
measure of our hourly sleep efficiency with a digital 
device. This level of detail has led some authors to say 
that the use of self-monitoring devices by some 
healthy users is more related to a desire for control, 
rather than achieving wellbeing (Moore 2015).  
This effect may be related to a larger trend of distrust 
of subjective perception. Hans (1981, pp.2–3) explains 
how the German philosopher Hans-Georg Gadamer 
describes a shift from verification in Western civilisation 
through common sense, authority and prejudgements 
to use of more scientific methods, reducing the 
importance of the previous factors; truth is determined 
therefore by the outcome of those scientific methods, 
rather than through a shared understanding of our 
individual experiences. A result of this shift is that 
verification using other methods than reason has no 
truth value (ibid.). If we look through the wellbeing 
lens, this may be the opposite of what we are aiming 
for; if we embrace self-quantification in order to 
transform our lives for good, an unreflective obsession 
with self-quantification may put us in a worse position. 
Other authors have made similar critiques of self-
quantification. The play scholar Miguel Sicart (2014b, 
p.228) highlights that these problems may be related to 
self-quantification’s focus on outcomes, suggesting 
that “a good life is about the process, not the result; a 
good life is a lived life, not an accounted one”. Allen 
(2008) also highlights the risk of surveillance. On the 
other hand, Abend and Fuchs (2016, p.10) frame self-
quantification as a “factish”, a term which Bruno Latour 
introduces as a hybrid between fact and fetish, or 
knowledge as absolute truth and “something that is 
nothing in itself, but simply the blank screen onto 
which we have projected, erroneously, our fancies, 
our labour, our hopes and passions” (Latour 1999, 
p.270). Abend and Fuchs (2016, p.11) highlight that this 
dualism between fact and fetish gives room for both 
serious and playful appropriation of self-quantification. 
These critical views highlight that self-quantification 
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systems do not necessarily contribute to achieving a 
good life, yet they provide room for different forms of 
appropriation which might do so.  
In order to understand the possibilities of reframing 
interactions with self-quantification as meaningful, I 
will embrace the idea of play. I firstly build an 
understanding of what play is in the context of this 
research, and secondly discuss its transformative 
power.  
2.3.1 Understanding play 
Play is recognised as fundamental to human beings in 
many ways. As Schiller writes: “Man only plays when he 
is in the fullest sense of the word a human being, and 
he is only fully a human being when he 
plays” (Schiller 1968, p.107). Other philosophers also 
highlight the importance of play: in his work Ecce 
Homo, Nietzsche (1888) writes that he did "know of no 
other way of coping with great tasks than play."   
As many thinkers suggest, play is easy to recognise yet 
very difficult to define (Huizinga 1955; Sutton-Smith 
2001; Caillois 1961). This difficulty of grasping it in 
explicit terms is described by Mihai Spariousu: "play 
seems to belong to what the Germans call das summe 
Wissen (tacit knowledge)" (Spariosu 1989, p.1). 
Different fields of knowledge analyse play from a 
variety of perspectives, trying to explain its nature and 
function. It is possible to find such attempts from fields 
like phenomenology, anthropology, social science, 
animal behaviour, cultural studies and child 
development, among other fields (Di Paolo, Rohde & 
De Jaegher 2011, p.80). Although its nature is complex, 
unpacking the idea of play is still worth trying. As 
Thomas Hendricks suggests in a recent interview: 
Play is hard to define because it is a pathway of 
expression that touches on many aspects of what it 
means to be human. Play can be focused on different 
elements of the world (cultural, environmental, 
physiological, social, and psychological). It can be 
highly organized (ludus) or quite informal (paidia). 
Some play seems to be order seeking; other play revels 
in disorder. Sometimes players operate from positions 
of power or control. Just as frequently, they occupy 
positions that are more subordinate, marginal, or 
deeply engaged. Because players explore what it 
means to be situated in the world, it is appropriate that 
their activity should be difficult to describe. Having said 
that, I don’t believe the problems inherent to defining 
play are so different from those related to other forms 
of human involvement. Attempts to define love, 
religion, ritual, community, aggression, and so forth 
quickly encounter the same kinds of complexities. 
(Henricks 2015, p.282) 
In other words, play is a "roomy subject" which 
"welcomes opposites" (Eberle 2014). In an attempt to 
integrate definitions from different disciplines such as 
psychology, neurology, anthropology and biology, 
Brian Sutton Smith suggests a somehow cryptic 
definition:  
Play, as a unique form of adaptive variability, instigates 
an imagined but equilibrial reality within which 
disequilibrial exigencies can be paradoxically simulated 
and give rise to the pleasurable effects of excitement 
and optimism. (Sutton-Smith 1999, p.253) 
This definition highlights some characteristics of play 
that are common to the different perspectives: it is 
unique; pleasurable; unstable without equilibrium; 
sometimes paradoxical. Henricks contributes with his 
own list of aspects that are common to the different 
notions of play as something that is  (2015):  
1. transformative;  
2. focused on experiences within itself;  
3. unpredictable;  
4. contestive in terms of the vibrant exchange 
between player and play object;  
5. self-regulated; and  
6. episodic.  
From a game design perspective, Salen and 
Zimmerman suggest a general definition in which play 
is "movement within a more rigid structure" (Salen & 
Zimmerman 2004). Such a broad definition has the 
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merit of fitting with the many different uses of the 
word play in different domains (e.g., playing an 
instrument, playing music on a stereo, a theatrical 
play). It also provides a simple frame for assessing 
whether something is or not play. 
2.3.2 The transformative power of play 
Some classic authors understand play as something 
that is outside our ordinary lives (Huizinga 1955; 
Caillois 1961). In this understanding, play occurs 
outside daily routines, separated from our ‘real world’, 
something peripheral. Yet many scholars—from all 
disciplines—recognise effects of play in our lives, such 
as: emotional regulation; transformation of the self; 
self-realisation; social bonding; mammals' training for 
the unexpected; self-expression; culture creation; 
cognitive development; and self-expression, among 
other beneficial effects (Gordon 2014).  
Sutton-Smith also highlights how play can make us 
aware of possibilities, giving pre-linguistic expression 
to the gaps between the actual experience and a 
potential ideal (Sutton-Smith 2001). Similarly, some 
authors suggest that organisms play in order to reduce 
the tension between them and the unknown (Berlyne 
1960; Ellis 1973). These ideas show play as a 
transformative force that elicits the imagination of 
possibilities outside our everyday experience and the 
exploration of the unknown.   
Challenging an understanding of play as the opposite 
of seriousness and work—which the Greek-French 
philosopher Kostas Axelos suggests may be related 
Marx’s idea of work within a capitalist system as an 
alienating force which prevents workers from enjoying 
their work (Axelos 1979)—Hendricks suggests a more 
precise dichotomy: play is, rather, the opposite of 
ritual, as the acceptance of something within pre-
established frameworks of meaning (Henricks 2015, 
p.291). On the other hand, Sicart (2014a, p.10) suggests 
that play is a struggle between creation and 
destruction, order and chaos. This tension is regulated 
through laughter, appropriation, disruption and 
autotelic and creative action, all of which contribute to 
shaping who we are (Sicart 2014a, pp.10–18).  
Other authors highlight the cognitive dimension of 
play. Bateson (1955) shows the paradoxical nature of 
play between real and non-real meanings. He 
describes this as a mechanism through which play 
helps us in understanding our everyday world. 
Similarly, Piaget (1962) shows the cognitive dimension 
of play as a lack of balance between assimilation (i.e., 
adapting reality to our own cognitive structure), which 
dominates accommodation (adapting our own 
structures to reality). For intelligent action to take 
place, there must be an adaption (cognition), which 
restores the equilibrium.  
This capacity of having a significant impact on our lives 
is what Nash and Penney (2015) denote the "radical 
productivity of play"; far from being unproductive—
with no material consequences, according to Huizinga 
(1955)—play creates new things, brings forth and 
changes meanings, disrupts, in sum transforms and 
affects both our world and ourselves. Perhaps being 
something outside the ordinary is the ultimate source 
of play's transformative power over the ordinary; being 
strange to our everyday lives' routines is what makes it 
disruptive. It is in this light that play is seen as "a 
rebellion against fixed patterns" (Henricks 2015, p.285).  
This potential of being functional, however, does not 
mean that play cannot be sometimes dysfunctional. If 
we consider play a laboratory of the possible, what 
players do in that laboratory "can be morally, 
intellectually and emotionally problematic" (Henricks 
2008, p.168).  An example is what some authors 
distinguish as dark play (Sicart 2014a, p.3), showing that 
play can also be dangerous and obscure at times. 
Similarly, play might not always be transformative; it 
also can be conservative (e.g., play that transmits 
traditions and culture), externally regulated (e.g., 
games) and even predictable. As Eberle (2014) says: 
“play welcomes opposites”.  
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This brief review of contemporary characterisations, 
far from being a comprehensive account of a long 
history of play, sheds some light on the ways in which 
play can be framed in the context of human and social 
change. Moreover, it gives us a clue to the play-related 
aspects that we want to enact through our designs. 
But some questions remain. For example: how can we 
integrate transformative play into everyday practices? 
How can we achieve an integration between rigidness 
and fluidity, autonomy and coupling, transformation 
and conservation, in the context of self-quantification? 
In what follows, I review and discuss related works that 
can provide more clues about ways in which we can 
design and integrate play interactions with self-
quantification systems within everyday practices.    
2.4 Integrating meaningful self-
quantification into everyday 
practices 
Self-quantification has been integrated into interactive 
systems with the aim of promoting behaviours and 
transforming everyday practices in different domains 
such as health (for an overview see Norman et al. 
(2007)) and sustainable behaviour (e.g., commercial 
apps like Green Egg Shopper and Footprint), among 
other domains. There are several examples of projects 
aiming to promote healthier behaviours using 
interactive technology and taking different design 
approaches and strategies. I will frame the discussion 
within four groups of projects: screen-based 
visualisations; digital games; tangible representations; 
and interactive artefacts. 
2.4.1 Screen-based visualisations  
Current commercially available self-quantification 
systems offer access to different forms of visualisation 
of the collected data. Traditional representations 
include aggregated numbers (e.g., daily and montly 
averages) and different kind of graphs (e.g., see Figure 
7). These data representations are usually focused on 
normative goals (e.g., doing 10,000 steps a day) and 
sometimes involve other forms of social comparison, 
like leaderboards (Zuckerman & Gal-Oz 2014). 
These forms of representations draw on rational 
processes, as numbers need to be interpreted and 
compared in order to become meaningful. For some 
users, these numerical operations are difficult to 
interpret, a difficulty which may be related to people’s 
diverse cultural backgrounds (Galesic & Garcia-
Retamero 2011). Moreover, these representations do 
not take advantage of other forms of data visualisation 
that draw, for instance, in familiar metaphors (like 
flowers in Ubifit Garden; (Consolvo, Klasnja, et al. 
2008)) or representations which have aesthetic value.  
Figure 7. Examples of data visualisation used by commercially available devices: 
Jawbone's smartphone app (left, reprinted from www.jawbone.com) and Fitbit website 
(right, reprinted from www.fitbit.com) 
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An example of the latter is Spark (Fan, Forlizzi & Dey 
2012). Spark is a web application which combines 
informative art (Redström, Skog & Hallnäs 2000) with 
self-quantification devices (in this case, a Fitbit 
pedometer) in order to display step-count information 
using different levels of abstractness, such as circles, 
spirals, rings and lines (see Figure 8). More than 
changing behaviour, the aim is to support knowledge 
creation from self-quantification data. This project 
highlights the opportunities of avoiding traditional 
representations like graphs and numbers when 
designing situated displays of self-quantification data. 
Social networks have also served as a platform for 
visualising and sharing physical activity data. One 
example is StepMatron (Foster, Linehan & Lawson 
2010), a Facebook application to share step activity. 
The authors compare two conditions: a socially 
enabled version (i.e., users can see their friends’ step 
counts) and a non-social version (i.e., users can only 
see their own data). The result is that the first group 
had significantly higher step activity. From this we learn 
that drawing on existing social relationships between 
people can contribute positively to the goal of 
motivating step-count increase. However, the 
integration with Facebook focused on individual 
experiences in terms of individuals’ engagement with 
their own screens, missing opportunities to elicit social 
interaction by augmenting the individual experience of 
self-monitoring in a social setting using, for instance, a 
shared display (cf. Lin et al. 2006).  
Visualisations of physical activity have also been 
integrated into everyday screens, like those of mobile 
phones. In UbiFit Garden (Consolvo, Klasnja, et al. 
2008; Consolvo, Libby, et al. 2008), the authors have 
developed a “glanceable display” (i.e., a display that 
could be interpreted ‘at a glance’), using a mobile 
phone’s background image to show weekly progress 
in achieving a physical activity goal. The authors use 
the metaphor of a garden with flowers and butterflies 
to represent progress in an abstract, playful way; the 
diversity and number of flowers depend on the 
amount and variety of physical activity, while the goals 
are represented by butterflies. The system has been 
successful in achieving a significant difference in users’ 
physical activity levels throughout the study, when 
compared to participants without glanceable displays.  
Using UbiFit Garden as an example and extending the 
design goals of Jafarimi et al. (2005), the authors 
propose eight design strategies for behaviour change 
(Consolvo, Landay & McDonald 2009): abstract 
elements to encourage reflection; unobtrusiveness of 
feedback; use of a public display; not only functionality 
but aesthetic quality; positive reinforcement; system 
controllable by the user (allowed to add, delete or edit 
activities); representation of trending and historical 
data; and inclusion of several types of physical activity.  
Figure 8. Spark provides different abstract representations for Fitbit data (reprinted from Fan, Forlizzi & Dey 2012) 
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In UbiFit Garden we observe an example of how 
embedding abstract feedback in everyday objects like a 
mobile phone’s screen background can be effective in 
reducing sedentary time. It also demonstrates a non-
obtrusive way of providing constant awareness about a 
user’s physical activity. In addition, the authors show 
that “when participants are given the opportunity to 
track a wider range of activities, they do so” (Consolvo, 
Klasnja, et al. 2008). This is particularly relevant when 
dealing with limited self-monitoring devices that can 
track only a small number of non-sedentary activities. 
Allowing manual logging of non-sensed activity points 
in the direction of dealing with the limitations of self-
monitoring. Finally, enabling user comments in past 
activities can provide relevant contextual data for both 
users and researchers in order to understand different 
patterns of (in)activity and its causes. 
2.4.2 Digital games 
Research has shown that games can be an effective 
approach to intentionally changing players’ undesired 
behaviours (Khaled et al. 2007). Based on Fogg’s 
definition of persuasive technology (Fogg 2003), 
persuasive games are defined as “games that are 
designed with the primary purpose of changing a 
user’s behaviour or attitude using various behaviour 
change theories and strategies” (Orji et al. 2013). 
Games that are used for other purposes than mere 
entertainment have been called “serious games” (Susi, 
Johannesson & Backlund 2007).  
There are some commercial initiatives in this space as 
well. For example, Nintendo has developed games that 
use bodily movement and walking activity as part of 
more traditional gameplay in titles like Pokewalker2 and 
Active Life: Outdoor Challenge3. Similarly, the 
American Horsepower Challenge (Xu et al. 2012) 
                                                
2 
https://www.nintendo.com/consumer/downloads/Pokewalk
er_Tri.pdf (accessed 28 June 2017) 
creates a daily ranking based on the walking activity of 
players.  
Another use of games lies in what is known as 
gamification, defined by Deterding et al. (2011) as “the 
use of game design elements in non-game contexts”. 
Most commercial self-quantification systems involve 
some gamification elements, usually related to goals 
and challenges that have a game-like reward system 
(Till 2014). Yet evidence is not conclusive about its 
effectiveness in changing behaviour. A systematic 
review of more than 20 studies of behaviour change 
involving gamification found that a majority had 
positive results (Hamari, Koivisto & Sarsa 2014), but 
most of them did not provide conclusive statistical 
evidence. On the other hand, in Step-by-Step 
(Zuckerman & Gal-Oz 2014) the authors found no 
significant effect on walking activity of a gamified 
version over the use of a self-quantification system 
alone.  Some authors highlight that gamification offers 
a very limited repertoire of game elements, usually 
limited to badges, leaderboards, levels and points 
(Hamari, Koivisto & Sarsa 2014). Such limited 
understanding—framed as “chocolate-covered 
broccoli” according to Kumar (2013)—may lead to a 
reward system that has similar problems to the ones 
discussed earlier (see section 2.2.1) related to an if–
then approach, for instance focusing on short-term 
rather than long-term effects (Thom et al. 2012).   
Similarly, Bogost (2014, p.65) suggests that those who 
use gamification (mainly “marketers and consultants”, 
in his words) do not understand games and have a 
reductionist approach. This simplistic understanding is 
exemplified, according to Bogost, by use of the 
“-fication” suffix, which suggests that it is something 
easy and simple. In response, Bogost suggests that 
games can be effectively persuasive by using 
procedural rhetorics (i.e., using processes persuasively 
3 
http://www.nintendo.com/games/detail/xg6sb1evyUisUB2
Di9tk9qAXvwa7qfU7 (Accessed 28 June 2017) 
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by authoring arguments through them), facilitating 
dialectical interrogation about “how real-world 
process do, could or should work” (Bogost 2007, p.57).  
Enabling behaviour change without affecting a player’s 
opinion outside the play experience would be, 
according to Bogost, ineffective. This critical view 
shows the importance of providing arguments that aid 
users in thinking about their current lives, facilitating 
critical reflection about their own undesired habits (i.e., 
interrogating how they think their behaviour should 
be). It also warns us about reductionist understandings 
of what games are, which can lead to poor design and 
results. 
There are examples of more sophisticated uses of 
digital games that promote physical activity. Zombies 
Run4 is a mobile application for runners which uses the 
following narrative: in a world full of zombies, the 
player (i.e., the runner) has to accomplish missions 
(such as helping survivors and collecting items) in 
which they are being followed by zombies; when the 
player is under zombie attack, they need to run faster 
in order to survive. Using audio feedback and their 
speed and position, the runner is immersed in an 
alternative narrative that transforms the experience of 
running. Using similar elements, the same designers 
created The Walk,5 in which a player must walk long 
distances in order to save people from a terrorist 
attack. Although there is no evidence of the 
effectiveness of such an immersive, narrative-based 
approach (Direito et al. 2015; Cowdery et al. 2015), 
these projects are examples of less superficial ways of 
designing interactive systems to promote physical 
activity using game elements, with all the creative 
possibilities of narrative-based play. 
A similar approach is taken in Kukini (Campbell, Ngo & 
Fogarty 2008). Its authors have created a large, 
                                                
4 https://www.zombiesrungame.com (accessed 3 
March 2017) 
immersive virtual world that can be explored by 
players, feeding the game with their own self-
monitored running activity using a Nike+ device. In this 
game, a virtual character runs between different virtual 
towns accomplishing a diversity of quests (e.g., 
bringing to a craftsperson the ingredients to craft an 
object) that are associated with players’ jogging micro-
goals. Moreover, players can create tournaments and 
challenges with others.  
Based on their findings, Kukini’s authors suggest some 
game design principles that can be used in everyday 
fitness applications: using core mechanics to influence 
physical habits; choosing elegant representation 
without loss of meaning; using short-term micro-
goals; introducing challenges at the limit of a player’s 
ability; leaving a maximal number of choices open to 
the player; promoting social relations within the game; 
and promoting fair play (equal chances of 
winning).  From this project’s design principles, we 
learn that physical activity can be translated into a 
different narrative without loss of meaning; the virtual 
character runs between towns, just as the player does 
in their jogging sessions. The idea of splitting large 
goals into micro-goals that represent a challenge for 
the player, and leaving a maximal number of choices 
open to the player to enable free play, are also 
inspiring design elements. 
Less direct mappings have been used as well. In 
Fish’n’Steps (Lin et al. 2006), the authors have used a 
metaphor for physical activity in a social setting of 
collocated users. The users’ step count is represented 
on a semi-public screen by a virtual fish tank 
containing a fish whose growth, activity and other 
characteristics depend on users’ daily steps taken. The 
fish tank itself also changes based on teams’ step 
counts, enabling social play promoting both 
5 http://www.thewalkgame.com (accessed 3 March 
2017) 
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collaboration (within teams) and competition (between 
teams); a larger number of team steps results in cleaner 
water and more decorations, such as plants and small 
animals, promoting daily competition between teams 
for the ‘healthiest’ fish tank.  
By making the fish smaller when no activity is 
monitored, the project uses a form of negative 
reinforcement. This strategy—also used in Breakaway—
was negatively evaluated by users; some of them felt 
bad to see their fish small and sad, affecting their 
engagement with the game, and they avoided 
watching the fish in periods of low activity. In addition, 
the system was not effective in sustaining engagement 
over time; the usage of the display decreased as the 
study moved forward.  
This is similar to StepCity (Walsh & Golbeck 2014), 
where the authors found that the use of a game 
resulted in an increased activity only in new Fitbit users. 
They did find that supporting both cooperation and 
competition can be beneficial for promoting physical 
activity, but did not find sustained engagement. 
Moreover, the study used a manual input system that 
did not provide near real-time feedback and had an 
obtrusive operation, which might have affected the 
players’ experience.  
2.4.3 Tangible representations 
So far, I have reviewed only projects that draw on 
screen-based interactions, but previous research also 
offers examples of tangible representations of self-
quantification data. In Breakaway (Jafarinaimi et al. 
2005), the authors present an anthropomorphic 
sculpture that changes its posture to represent the 
amount of time that the user has been seated. Using 
sensors in the user’s chair, the sculpture evolves 
gradually from a natural sitting position when the user 
starts sitting into a slouching pose after 90 minutes of 
sitting, providing a negative reinforcement to the user 
(i.e., a pleasant image of the sculpture is changed into 
an unpleasant one to punish an undesired behaviour). 
The authors declare four design goals for this project: 
using a data abstraction; displaying the data in a public 
place; non-intrusiveness; and sustaining interest over 
time using an aesthetic representation. This project 
shows that an abstract representation of personal data 
that does not require constant attention may provide 
an unobtrusive public display of sedentary time. The 
fact that the sculpture displays data that could be 
sensitive in a public setting is relevant in the context of 
my research, because it suggests a strategy for 
supporting social play with sedentary time data with 
reduced privacy issues. Finally, it is interesting that the 
authors have used the physical space of the desk as the 
space for triggering the change, because it highlights 
how sedentary domains like offices provide 
opportunities for triggering non-sedentary behaviour. 
Although Breakaway is inspiring, a more elaborate user 
study around peripheral displays of sitting time would 
be helpful for gaining insight into how to enhance the 
impact of this kind of display in future designs. 
Other authors have tried wearable displays. For 
example, Pediluma (Lim et al. 2011) is a shoe-mounted 
light that brightens when the wearer is walking and 
dims when they remain inactive. The authors’ aim was 
to provide a positive reinforcement without necessarily 
capturing the attention of the user. This project shows 
the potential of augmenting objects that are context-
related with the data that is going to be represented 
(i.e., shoes are related to the activity of walking). 
However, Pediluma’s implementation does not explore 
how such data could be embedded in a walking-
related object in a way that takes advantage of the 
specific characteristics and affordances of such objects 
(here, the shoes). How would Pediluma’s design be 
different if we placed it, say, in the pants rather than 
the shoes? Such a question highlights that designs that 
integrate computing into everyday objects (like those 
of ubiquitous computing) need to be grounded 
meaningfully in the characteristics (e.g., specific shape, 
materiality, functionality) of the augmented object.   
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Exploring different material representations of physical 
activity, Khot et al. developed 3D printed objects (Khot, 
Hjorth & Mueller 2014) and chocolate figures (Khot, 
Pennings & Mueller 2015) using heart-rate data from 
self-quantification devices. These projects show the 
potential of using digital fabrication with both 
traditional and non-traditional materials to provide 
positive feedback and pleasure, yet the static, fixed 
nature of the printed artefacts limits the interactive 
opportunities of this approach.   
2.4.4 Interactive artefacts 
In Natural Fuse6 (Figure 9), the architect, artist, and 
interaction designer Usman Haque has designed a 
playful system in which a lamp is connected to a 
potted plant. The idea is to link energy consumption 
(the lamp’s light) with a form of carbon dioxide capture 
(the plant). In this way, the light can only be on (i.e., 
generate a carbon footprint) for the time allowed by 
the plant’s carbon dioxide capture. If the user 
consistently uses the light for longer than allowed by 
its own carbon dioxide capture, activating a “selfish” 
mode, vinegar is injected into the plant, killing it as a 
result.  
Natural Fuse embodies some of the opportunities of 
embodied interactions in self-quantification and 
behaviour change. Firstly, the argument (i.e., the 
carbon footprint of our energy consumption) is not in 
an abstract form but rather in a very direct expression, 
making it meaningful not only in rational terms but also 
in its concrete consequences (killing a plant for using 
the system in a selfish way). Secondly, Haque’s 
prototype adds unnecessary friction using an 
otherwise seamless everyday object (a lamp). This 
enables an increased awareness of the invisible 
environmental effects of our energy consumption 
practices without the need to show any numbers, 
                                                
6 http://www.naturalfuse.org (accessed 3 March 2017) 
graphics, etc. Finally, Natural Fuse explores a critical 
approach towards technology design values, 
challenging technology’s role as something 
convenient, quick, automated, transparent and so 
forth.  
The design approach of Natural Fuse also resembles 
Matthias Laschke and Mark Hassenzhal’s Pleasurable 
Troublemakers and, more generally, transformational 
objects (Hassenzahl & Laschke 2015). In their approach, 
friction becomes an opportunity to experience 
everyday life from a different perspective, which, in 
turn, transforms it. A inspiring example of this approach 
is Keymoment (Figure 10), which is a key holder that 
holds a person’s car and bike lock keys separately. If a 
user takes the bike lock key, nothing happens (i.e., 
there is no friction); however, if the user takes the car 
key, Keymoment throws the bike key to the floor, 
forcing the user to either leave it there or pick it up, 
Figure 9. Usman Haque’s Natural Fuse (Photo © Usman Haque) 
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thereby prompting them to consider riding their bike 
instead of driving (ibid.). This approach may look similar 
to nudging, yet it provides a much more sophisticated 
form of it; pleasure, playfulness and aesthetic 
experience are ‘key’ to the idea of the Pleasurable 
Troublemakers. 
Finally, another inspiring body of work in terms of self-
quantification and interactive artefacts is given by the 
work of William Gaver and the team he leads at the 
Interaction Research Studio at Goldsmiths, University 
of London. In an attempt to find a balance between 
utilitarian purposes, ludic engagement and aesthetic 
appreciation, Gaver et al. (2013) have created a series 
of highly finished prototypes that enable exploration of 
the microclimates of domestic spaces called ‘indoor 
weather stations’ (Figure 11). Indoor airflow, 
temperature gradient and amount of light throughout 
the day are sensed and modulated in ambiguous ways. 
This research project explores how such devices could 
change perceptions of the different environments 
within a house or office. In a sustained line of research, 
Gaver and colleagues explore different projects which 
share similar design principles (e.g., Ludic Design) and 
research methods (e.g., cultural probes, highly finished 
prototypes), showing opportunities to embrace 
different design values which, in turn, will help us 
understand and be surprised by the complexities of our 
relationships with interactive and digital artefacts.   
2.5 Summary 
In this chapter, I have reviewed the work of other 
researchers and practitioners which has helped to 
shape the ideas and design work discussed in this 
thesis. In order to develop this review, I defined three 
questions which led the discussion and helped with the 
development of the review.  
Firstly, I have discussed how interaction design could 
make a difference in people’s everyday lives using 
digital technology. I discussed the problematic 
outcomes of using conditional rewards or 
punishments, which may backfire, destroying intrinsic 
motivation to engage with new challenges and tasks. 
To overcome some of these problems, self-
determination theory suggests satisfying the three 
needs which fuel intrinsic motivation: autonomy, 
competence and relatedness. I also discussed how 
shifting our view from behaviours to practices can give 
us a new perspective on the influences of social and 
material contexts in the things we do. Finally, I 
discussed approaches to interaction design that are 
more aligned with a practice-based approach to 
change, drawing on embodied interactions.  
Secondly, I have discussed ways in which self-
quantification systems can be reframed as 
transformative play. I started by reviewing different 
Figure 10. Laschke and Hassenzhal's Keymoment 
(Reproduced from Laschke et al. 2014) 
Figure 11. Gaver's indoor weather stations (Photo © Interaction Research Studio) 
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views of the notion of play, highlighting characteristics 
like pleasure, unpredictability and autonomy. I also 
highlighted the transformative power of play based on 
its disruptive potential to transform the more rigid 
structure in which players and play objects move.  
Lastly, I have reviewed related work in which a similar 
notion of transformative play has served as the design 
framework for self-quantification systems. By 
reviewing four different approaches to self-
quantification and play—screen-based games, digital 
games, tangible representations and interactive 
artefacts—I critically engaged with a diversity of design 
projects which have helped me to develop a more 
personal approach to design. Such a personal view on 
designing transformative play using self-quantification 
is summarised by the idea of coupling quantified 
bodies, which is sustained in the experiments 
discussed in Chapters 4–6, where I discuss the design 
projects I have developed and studied in this research. 
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Chapter 3               
Research 
Methodology 
3.1 Introduction 
In this chapter, I describe the different research 
approaches that have been used in this thesis to bring 
forth new knowledge. To do so, I draw on Crotty’s 
(1998) framework as a way to analyse the different 
epistemological stances and theoretical perspectives 
taken throughout this research. Also, I discuss how the 
overall methodology—in this case, research through 
design—informed the way in which I developed each 
project. Finally, I provide an overview of the specific 
methods used in each empirical project. 
In his framework, Crotty separates four levels of 
analysis in understanding a research endeavour. Firstly, 
the researcher’s stance towards knowledge and its 
nature, or epistemology, which is at the root of the 
theoretical and methodological choices made 
throughout the project. The second level is constituted 
by the theoretical perspectives, which are the 
philosophical foundations and assumptions that 
explain the rationale behind the choice of a particular 
methodology. Then, methodology is the third level, 
which shapes the choice of research methods 
according to a research plan or strategy. Finally the 
methods, which are the specific techniques and 
procedures that are used to gather and analyse the 
data. These four levels are interdependent (i.e., 
decisions or stances at one level are strongly related to 
the others). In what follows, I frame the research 
project of this thesis using the four levels suggested by 
Crotty’s framework. 
3.2 Research epistemology 
At the epistemology level, we can distinguish different 
paradigms of how we know what we know and, 
ultimately, what may or may not be knowable. Crotty 
suggests three major epistemologies: objectivism, 
which assumes a reality that is independent of an 
observer; subjectivism, in which meaning is fully 
imposed on the object by the subject; and 
constructionism, in which meaning emerges as an 
interplay between object and subject. Although this 
shortlist considers the most important paradigms, it is 
not an exhaustive list (ibid., p.5). 
 48 
 
 
Although there are some parts of the research in which 
I temporarily embraced both objectivist (e.g., the 
Watch your Steps design, discussed in Chapter 4) and 
subjectivist views (e.g., Dataponics, discussed in 
Chapter 6), the most relevant theories, methodologies 
and methods I have used are situated within the 
constructionist approach. This approach considers 
meaning and sense making as something that is built 
through our participation in the world we are 
interpreting (Crotty 1998). Moreover, this stance is 
aligned with the understanding of the nature of 
knowledge that I put forward throughout this research, 
which is known as embodied cognition (see section 
2.2.3) and embodied interactions (see section 2.2.4).  
The constructionist approach also influences the 
nature of the findings of this research work. For 
instance, as I embraced a research-through-design 
methodology (see section 3.4), the results of this 
research are not falsifiable and often difficult to  
generalise (Gaver 2012). Also, the designed artefacts 
become one of the most important outcomes, as they 
already embody a myriad of theories, approaches, 
values, and perspectives. As Gaver (ibid, p944) states:   
Design examples are indispensible to design theory 
because artefacts embody the myriad choices made by 
their designers with a definiteness and level of detail 
that would be difficult or impossible to attain in a 
written (or diagrammatic) account. [...] The implicit 
theories embodied in objects, from this perspective, 
range from the philosophical (what values should 
designs serve?) to the functional (how should those 
values be achieved in interaction) to the social (what 
will the people who use this be like?) to the aesthetic 
(what form and appearance is appropriate for the 
context?). Moreover, artefacts do not address these 
issues analytically, but represent the designer's best 
judgement about how to address the particular 
configuration of issues in question.  
 
3.3 Theoretical perspective 
Linked to the constructionist epistemology, the 
theoretical perspective that best describes how I have 
developed this research is interpretivism, where the 
focus is put on understanding the processes and a 
multiplicity of subjective meanings. This perspective 
focuses on understanding social interactions and 
contexts, and is aligned with Interaction Design and UX 
research, which considers a triad consisting of 
contexts, subjects and interactive systems (Hassenzahl 
& Tractinsky 2006). Again, parts of my work also fit into 
the other categories suggested by Crotty. For instance, 
at earlier stages I took quantitative approaches in trying 
to find cause–effect statistical relations, an approach 
that can be described as post-positivist. Although such 
experiments are not discussed in this thesis, some of 
the results of this early stage are discussed elsewhere 
(Rowe-Roberts, Cercos & Mueller 2013). On the other 
hand, part of my work (e.g., Dataponics, discussed in 
Chapter 6) has design aspects that mean it can be read 
as a critical design piece, which is closer to a 
postmodern perspective.  
3.4 Methodology: research 
through design 
In terms of the methodology, I have followed a 
research-through-design approach (Zimmerman, 
Forlizzi & Evenson 2007), in which I designed, built and 
evaluated multiple iterations of prototypes at different 
stages of development. In taking this approach, my aim 
was to integrate tacit knowledge of design practice 
without sidestepping issues that emerge from the 
usage of artefacts and systems in the real world, which 
cannot be predicted by the designer beforehand. In 
this way, I integrated design epistemology (knowing by 
designing) with design phenomenology 
(understanding the experience of someone interacting 
with a particular design) (Cross 1999). An extended 
description of this approach can be denoted 
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constructive design (Koskinen et al. 2011), 
distinguishing research-through-design facets in 
domains like controlled labs, the field and showrooms. 
In particular, I developed three prototypes which can 
be observed as different iterations of the same overall 
project. I studied each one separately, deploying them 
in real contexts of use or “in-the-wild” settings (Rogers 
2011). Each project had different data collection 
methods, which led to insights and conceptual 
understandings that were later integrated as a whole 
(see Chapter 7: Discussion).  
Playful hacking within research-through-design 
For the design of the subsystems that form each 
system developed here, I embraced an approach that 
the game designer William Goddard and I call “playful 
hacking” (Goddard & Cercos 2015).  In this approach, 
we—as a team— tried always to design from ‘what we 
had’ around us (e.g., old computers and appliances, 
broken objects) instead of ‘what we needed’ in order to 
implement our ideas. We articulated a sort of 
manifesto (ibid.) which created additional constraints 
to our hacking. For instance, we imposed the rule of 
using less than four hours of work to achieve what is 
known as a minimal viable product, which consists of a 
version of a product which allows a full round of the 
build–measure–learn cycle (Ries 2011, p.77). This 
approach allowed us to build parts that were later used 
by several projects, including Dyna and Dataponics, 
and other side-projects like Coffee Button, which 
sends a message inviting colleagues to come for 
coffee, and Blues Lamp, which uses an LED light array 
with near-infrared and near-ultraviolet frequencies that 
are known to improve mood in humans.  
By taking this play-led approach to design, I was able 
to tangentially explore other ways of solving the 
technical issues of each project. For instance, in 
Dataponics I used a similar client–server infrastructure 
to that of the Coffee Button, adapting it to the 
particular characteristics of the new project. On the 
other hand, some of the playful hacking results were 
not used in the final designs, for example a vibration 
speaker surface that I built for Dataponics (Figure 12).  
In sum, I embraced playful hacking as an attitude to 
design which influenced the ways in which each 
project was developed. It also allowed me to amplify 
the divergence phase (i.e., explore more alternatives) in 
terms of the double-diamond design model (Design-
Council 2005), while converging in a faster way than 
with a research-through-design approach (Figure 13). 
3.5 Research methods overview 
As part of this overall research-through-design 
approach, I used a triangulation between different 
methods as a way of dealing with the complexity of 
understanding subjective experiences and design 
processes. I mixed different qualitative methods like 
semi-structured interviews, questionnaires and 
participant observation (Jorgensen 1989; Hammersley 
& Atkinson 1995). Also, in more data-oriented stages I 
used quantitative methods, providing statistical analysis 
of the sensed data. Throughout my design process, I 
Figure 12. Some of the playful hacks were dead-ends, like this 
vibration speaker surface for Dataponics 
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also used first-person methods such as keeping 
personal design diaries to track insights from my 
experience as a user of my own designs.  
In the following sections, I provide an overview of the 
research methods for each project I developed. More 
detail can be found in Chapters 4–6, which give details 
about each particular project. 
3.5.1 Project 1: Watch your Steps 
Watch your Steps (Chapter 4) was the first project I 
designed as part of this research. It consists of a 
situated, semi-public display of individual walking 
activity. It started as a proof-of-concept as part of my 
experimentation with Fitbit devices and the Fitbit 
Application Programming Interface (API). In other 
words, I developed it as a way of learning the whole 
process involved in collecting, storing and modulating 
self-quantification data.  
I conducted two studies, deploying two different 
versions of the prototype in different settings.  
Firstly, I installed the first version in the Exertion Games 
Lab, the research lab I was working in at that time. I 
asked my lab colleagues to voluntarily join a 22-week 
study and 9 of them accepted (of a total of 15). I 
studied their experiences using participant observation 
(Jorgensen 1989; Grbich 1999; Hammersley & 
Atkinson 1995), being able to collect observations and 
informal feedback as an insider. It was “complete 
participation” as I, the researcher, was “already a 
member of the group or organisation that he or she 
decides to study” (Hammersley & Atkinson 1995, p.82). 
I finished the study with in-depth semi-structured 
interviews, which were recorded and transcribed. I 
processed the resulting statements using affinity 
diagrams, creating groups of statements that were 
related to common themes. 
In the second version, I deployed the prototype in a 
corporate space, engaging 24 participants. During the 
four months of the study, I made weekly on-site 
observations and carried out a final survey. Finally, I 
conducted an in-depth interview with one participant 
that provided me with an insider’s perspective.    
3.5.2 Project 2: Dyna 
My second design project was Dyna (Chapter 5), a 
meeting table that changes its height according to a 
group’s walking activity. As with the first study, I firstly 
deployed the Dyna prototype in the research lab I was 
working in at that time. For a period of three weeks, I 
video-recorded all the meetings that were held using 
the table. I also conducted short interviews after each 
meeting with some of the participants. I also used 
complete participant observation, keeping a diary of 
observations of the table operation apart from the 
meetings. At the end of the three-week period, I 
analysed the videos, transcribing relevant observations 
and insights. I also transcribed my notes and interview 
quotes. Finally, I grouped all the quotes, observations 
Figure 13. Playful hacking amplifies the divergence phase (from D1 to D2) 
while reducing the convergence time (from T1 to T2) (reprinted from 
Goddard and Cercos (2015)) 
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and insights using affinity diagramming, creating 
groups of related statements.  
3.5.3 Project 3: Dataponics 
The last project was Dataponics (Chapter 6), a 
hydroponic plant that receives water, light and music 
in relation to a person’s walking activity. Because of the 
complexity involved in this project, I only deployed 
three prototypes in three participants’ households for a 
seven-week period. 
I used cultural probes (W. Gaver et al. 2004) as a way of 
accessing the participants’ intimacy in a playful way, 
including activities that were ambiguous in their 
definition and open-ended in terms of their results. The 
probes consisted of a box that contained objects like: a 
measuring tape, a stamp, sticky notes, pencils and a 
diary (Figure 14). It also contained a bag with playful 
activities or questions with different levels of 
ambiguity. For example, some were as broad as “go 
out”. Others would push challenging actions like “cheat 
the system” or “unplug the plant”. Other ones were 
focused on experimentation and self-expression: “go 
for a random walk around your house and draw your 
path”. After an activity was randomly selected and 
followed, the experience had to be documented on 
cards and placed in sealed envelopes.    
I also conducted three in-depth semi-structured 
interviews with each participant: at the beginning, 
halfway through and at the end. I audio-recorded and 
transcribed each interview, creating affinity diagrams 
based on the statements from interviews.   
3.6 Conclusion 
In this work, I recognise knowledge creation as 
something that emerges from a conversation between 
different perspectives. In that sense, the different 
methods described in this chapter provide different 
ways of knowing which are complementary.  
In this work I have adopted a epistemological 
approach that freely mixed and engaged with different 
methods as it moved forward. Subsequently, I took 
advantage of a diversity of sources, such as participant 
observation, user-directed feedback through 
interviews and questionnaires, audio-visual methods 
and designers' insights triggered by interpreting data 
from cultural probes. In sum, I thoughtfully moved 
through different methods according to the different 
characteristics of each project and the particular 
perspective that I was interested in exploring during 
each study. Such an approach allowed me to 
triangulate different sources and enriched my 
understanding of each design project.  
In the three chapters that follow, I discuss the design 
process and how these methods have been applied. I 
also analyse the results of each study, discussing 
insights into designing self-quantification systems that 
aim to enact transformative play. 
 
Figure 14. The cultural probes included elements like measuring 
tapes and a height logsheet 
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Chapter 4                     
Watch your Steps 
Coupling self-quantifiers using screen-based interactions 
 
4.1 Introduction 
Self-quantification technologies for physical activity—
widely known as ‘activity trackers’—are currently the 
largest branch within the wearable technologies 
category (ABIResearch 2013), with a small number of 
brands taking almost the entire market share: Fitbit, 
Jawbone and Nike Fuelband comprise more than 90% 
of the market (NPD 2016). There are also some 
smartphone applications that offer a similar outcome—
data about our physical activity—by using the sensors 
that are embedded in all modern smartphones, like 
accelerometers, gyroscopes and GPS. 
While using all of these self-monitoring technologies 
makes it easy to answer questions like ‘how many 
steps have I taken today?’, translating similar questions 
such as ‘how active have we been today?’ to social 
groups is less direct. Although they currently offer 
some integration with social media and gamification 
features (e.g., sharing in social networks, joining 
groups, leaderboards, awarding badges), existing self-
quantification systems are mostly individual and not 
linked back to the contexts in which the activity occurs 
(Chen et al. 2014); most of the social dimension of self-
monitoring resides and remains in the World Wide 
Web. 
The current process of self-quantification can be 
described as follows: after sensing a particular activity, 
each user’s data is then aggregated and, eventually, 
shared with others for amusement and comparison, 
obtaining social support or narcissistic reinforcement. 
In other words, the only element that is socially 
projected is the outcome, but it is not linked with, nor 
reflected back into, the actual locations and social 
settings in which everything happened. There is 
nothing particularly wrong with this approach; 
however, a rich space of opportunities for 
transforming situated practices (like the one I am 
tackling here: sitting) may be out of sight when using 
current systems only in this way.  
We can imagine some of the reasons that may explain 
this current state of self-quantification systems: privacy 
concerns around socially projected individual data, 
difficulty in making sense of individual data by others 
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and so forth. Yet, as shown elsewhere by our 
preliminary findings of using self-monitoring devices 
within social groups (Rowe-Roberts, Cercos & Mueller 
2013), it is possible to find ways in which to overcome 
some of these problems when trying to create social 
interactions based on self-quantification by drawing on 
existing social relations. 
One of my preliminary ideas for addressing this 
challenge of enabling social interactions through self-
quantification was to link the digital measurement of 
steps back to the actual movement that was directly 
perceived by others in a shared working space. By 
enabling couplings between direct observation and 
digital data, meaning is created by the users (Dourish 
2004b). Such a link provided me with a space for 
exploration in which a group’s self-quantification data 
can be transformed into a perceptible form (e.g., a 
screen showing the data) but without pre-established 
courses of action afterwards.  
In this chapter, I describe my first attempt to explore 
this space: a self-quantification system for collocated 
groups of people who work together called Watch 
your Steps. The prototype system consisted of a 46-
inch screen that publicly displayed the daily individual 
walking activity of the people who worked in the 
research lab (including myself) and were using a Fitbit. I 
also deployed a revised version of the system within a 
different environment: the human resources team of a 
healthcare institution that sponsored this research 
project.  
I developed Watch your Steps using existing 
technology ‘as-is’, without introducing major changes 
into the underlying principles which drive current self-
quantification systems: focus on individual 
performance through quantitative feedback; and a 
social dimension based on competition and the public 
display of the self. Having said that, in the different 
stages of the design I deliberately embraced play—with 
all its ambiguity—as the guiding frame, which was 
particularly influential in aspects like the absence of 
explicit rules and focus on users’ autonomy, among 
others. Whether this system may be considered playful 
or not was not part of my concern; more than creating 
a playful system, I wanted one that could afford play.  
I explored ways in which these conditions (i.e., a screen 
displaying a group’s self-quantification data in the 
office space) set the scenario for what has been 
described as a more “meaningful measurement” 
(Zuckerman & Gal-Oz 2014) or, to put it another way, 
self-quantifiers making sense collectively from self-
quantification data within the context in which action 
occurs.  
My aim was to gain insight into how the individual 
meaning of walking data in a collocated group 
changes when displayed publicly where most of that 
activity occurs. As they are placed in the same space 
where the interaction occurs, this kind of display has 
been denoted “situated displays” (O’Hara 2003). In 
turn, I also wanted to understand how the new 
meanings affected the walking activity that was being 
digitised and then displayed on the screen.  
Finally, this project’s development put in place a 
complete infrastructure for a social self-quantification 
system which involved self-quantification devices, 
synchronisation stations, network connectivity, data 
integration and storage, and display mechanisms. This 
infrastructure was later used, with only minor changes, 
in all the following projects of this research (described 
in Chapters 5 and 6).  
4.2 The design of Watch your 
Steps 
4.2.1 System description 
After some iterations of a first version that only showed 
the number of steps per 15-minute interval, I ended by 
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displaying a simple graphical representation of the 
accumulated number of steps for each player, from 
8 am to 10 pm. It only represented data for the current 
day; at the beginning of each day, the system set 
everyone’s step count to zero. Each user’s activity 
trajectory was represented by a different-coloured line, 
which was marked with the user’s first name.  
I also added a fictional user that walked 10,000 steps 
per day at a constant speed. This was a way of 
representing what is normally considered the 
recommended level of daily activity (Tudor-Locke & 
Bassett Jr 2004), but evenly distributed between 8 am 
and 10 pm. This was added in response to users 
wondering if their activity level was “good” or “bad” not 
only in relation to the other players, but also in a more 
                                                
7 flotcharts.org 
general (or normative) way. The final prototype is 
shown in Figure 15.  
In order to measure the players’ activity, I used a Fitbit 
Ultra device. This consists of a clip that can be attached 
to users’ clothes. The device uses a 3D accelerometer 
to register the steps a user has taken throughout the 
day. The Fitbit also has an altimeter that counts the 
floors climbed using stairs; however, for simplicity I 
only considered walking data in my design. Using a 
low-energy Bluetooth pairing, the device wirelessly 
synchronised users’ data with an online database. To 
trigger this process, the user had to be near one of the 
USB dock stations, yet not necessarily the one that was 
originally associated with the device. Players usually 
synchronised their devices immediately after arriving at 
the workspace, and several times every hour, thanks to 
the proximity to other participants’ docks.  
Once the users had authorised sharing of their data 
with my system following a three-legged Oauth 
process—a secure method of authorising a third party 
to interact with a system on behalf of a user—I was 
able to pull players’ data using the API provided by 
Fitbit. The extraction process ran every 15 minutes at 
the beginning, in order to avoid exceeding the API rate 
limits (i.e., the limited number of queries per hour that 
an entity can make to an API, which aims to ensure its 
normal operation). After optimising the number of calls 
that were needed for each player, I was able to retrieve 
participants’ data every 3 minutes without exceeding 
the rate limit. After the extraction process was 
completed, the pulled data was parsed in order to 
obtain the step count for each user since the last 
synchronisation. Finally, the accumulated number of 
steps was calculated for each time interval. 
I chose a web-based visualisation for the data, using an 
open-source JavaScript plotting library for jQuery 
called Flot.7 This allowed me to quickly build a web 
Figure 15. Watch your Steps displaying the activity of five players 
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visualisation of the data that required only a browser in 
order to be accessed. This provided flexibility and 
convenience. For example, if there were new versions 
of the system, I only had to update the server and not 
each client that was showing the data. 
When a day started, the graph showed the step count 
for the “10k guy” but no players’ data until the first 
player synchronised their device. Other players’ data 
was shown on the display as they arrived near a USB 
dock. Thereby, participants’ data was updated only if a 
new device synchronisation event occurred since the 
last API query. At the end of the day, the graph 
returned to its original state and another day of play 
would start. 
4.3 Study 
4.3.1 Methods 
In this first study, 10 participants (aged 23 to 44, 2 
female and 8 male) started using a Fitbit Ultra. A total of 
15 lab members received a device in the first week, but 
only 10 of them voluntarily started using the device, 
joined the group of participants by providing 
authorisation to access their data and attended a semi-
structured interview at the end. None of the 
participants had used a Fitbit before. 
The devices wirelessly synchronised their data with 10 
base stations distributed across the lab for a period of 
22 weeks. During the first 4 weeks, the participants 
only used the Fitbit device without any further 
intervention (i.e., the display was not installed). I used 
this period as a way of getting a baseline and also 
enough time for the users to become familiar with the 
Fitbit itself. This baseline period was followed by 18 
weeks when the prototype was working and 
participants were able to interact with the system 
normally.  
As I was involved in both the design and the actual use 
of the system—having the roles of designer, researcher 
and user—the research method used for this study can 
be classified as participant observation (Jorgensen 
1989) within the context of a research-through-design 
approach (Zimmerman, Forlizzi & Evenson 2007). 
Through participant observation, I was able to make 
observations in the actual context of use in order to 
“make sense of everyday experiences” (Grbich 1999, 
pp.123–124). I consider this to be a “complete 
participation” as I, the researcher, was “already a 
member of the group or organisation that he or she 
decides to study” (Hammersley & Atkinson 1995, p.82). 
In this case, although the participants were also experts 
in HCI and Interaction Design, I was not drawing on 
their expertise, but I did accept design suggestions and 
comments from players. 
As a result, I was able to collect observations and 
informal feedback from participants whenever 
someone had an insight or comment. I invited all 
participants to provide a detailed account of their 
experience in semi-structured interviews, which were 
audio-recorded. After transcribing and coding each 
interview, I grouped what I considered were relevant 
statements (N=108) using affinity diagrams, identifying 
a set of recurrent themes, which I discuss in section 
4.3.2. As this was an exploratory study, I was not 
aiming for quantitative results, but for useful insights to 
improve the system’s design. Moreover, although I 
registered players’ activity like number of steps, 
frequency of use, among other variables, the small 
(N=10) and highly biased sample did not allow for 
statistical significance; however, it offered a source of 
design insight based on getting a deeper 
understanding of the user experience while using the 
system.  
4.3.2 Findings 
The interviews with the 10 participants (P1-P10) show 
that the display, particularly being able to see one’s 
own and others’ step counts, was motivating. As one 
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participant said: “If I see that anybody else is above the 
line, I feel motivated, I feel I can do that too” (P9). 
Another participant contrasted the experience with the 
display to the experience with the device alone: “You 
don’t see the other guys in the Fitbit. But in the display 
it’s different. When someone is doing great, you really 
want to do the same. It motivated me a lot to see 
others” (P10).  Some participants experienced a sense 
of accomplishment and admiration based on the 
comparison with others: “I always see who is at the top 
today. And it makes me feel good when I’m that 
person... I say: yeah!” (P2). In general, the ability to 
glance at others’ activity any time served as a constant 
reminder that it might be time to increase one’s own 
step count. The fact that they could see the other lab 
members’ data motivated further, as it reduced the 
opportunity to “make up internal excuses” such as 
having no opportunity for walking or being too busy 
with work; some players were still able to produce a 
high step count despite the limitations of the work 
environment.  
We had an initial period of four weeks in which I 
offered devices to all the lab members who were 
willing to use them. After delivering a total amount of 
15 devices and explaining how to activate them, only 4 
were actually activated and used within the first 2 
weeks. After asking those who were not using the 
device, their responses were related to a lack of time to 
activate and think about it. Considering that it takes less 
than 10 minutes to activate and start using the device, 
this finding shows the working environment’s barriers 
to new activities that capture attention. One participant 
even lost the device on his first day of use. These 
observations went against my previous assumptions of 
the convenience and low cognitive load of using a 
consumer-level activity tracker; before thinking about 
the ways in which the data will be modulated, it was 
already a challenge to introduce a new device into 
daily routines. A change in this trend was observed 
with the introduction of the display in week 4. Some of 
the users who already had the device but had not 
started using it within the first 4 weeks progressively 
started joining. I observed that this activity was mainly 
driven by the introduction of the display and 
participants wanting to join the group in this new 
experience of sharing and observing their activity in 
real time.  
None of the players expressed confusion or doubt 
about the displayed data while watching the display; 
however, some users came to me when they thought 
that there was a mismatch between the displayed data 
and what they were expecting (based on their own 
perceptions). Some of these doubts and questions 
showed bugs or errors in the data-gathering process 
that were fixed throughout the study as soon they 
appeared. As Watch your Steps was an early prototype, 
this kind of issues were expected, and participants 
were aware that part of the aims was to find those 
errors and bugs as early as possible in order to fix 
them. 
Participants did not only use the display to assess 
physical activity levels, but also their own and the lab’s 
overall productivity; seeing no increase in step-count 
data indicated sitting, which was associated with being 
productive. Three lab members explained that they 
used the display to track their productivity during their 
work hours: “I also see if I’ve been working well, or if I 
had a very interrupted day. Actually, a flat line [of 
inactivity] is quite good" (P4). P6 said: “It helps me 
identify where time has been spent”. What was less 
surprising to me was that the system allowed the lab 
management to assess the productivity of the entire 
lab: “If I see a lot of people having a lot of steps, I feel 
this is a productive lab, even when it has nothing to do 
with productivity” (P9).  
A similar issue is that Fitbits are accelerometer-based 
step-counters and, as such, register inactivity in the 
same way (steps=0) but for very different situations. For 
example, if a user is sitting (or inactive in any other way 
than walking) or if the device is in its charging station, 
this gets the same outcome: zero steps. This can lead 
to disengagement with the situated display, in 
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particular as the display shows personal data that 
contributes to the way others perceive the user. Two 
participants highlighted this with personal anecdotes: 
“Sometimes the display makes it look like I wake up late 
but it is because the Fitbit is on my pants and I’m 
wearing pyjamas. It feels a little bit weird” (P2). P1 
reported that not distinguishing between inactivity and 
non-wear resulted in an overall disengagement with 
the display: “I don’t fully trust the display. Sometimes 
the data shows that I’m sedentary and it’s not true”.  
Players also tended to talk about the days that were 
not displayed (e.g., weekends), saying things like “I 
made 17,000 steps on Sunday” (P7). I also observed 
conversations about the final number of steps on the 
day before, even though the display was already 
showing only data from the current day. This shows 
how a shared representation of personal data 
transcends what is actually being shown. It also shows 
opportunities to represent data in ephemeral forms 
that elicit discussion and subjective accounts of the 
otherwise numerical walking activity. 
Finally, some cheating—understood as increasing the 
sensed amount of steps with activities that did not 
involve steps—was observed among players. For 
instance, one player put his Fitbit into the wheel of his 
bike, gaining an additional number of steps. This 
finding shows another example of how players 
appropriate the system for their own purposes and 
how Watch your Steps was considered, at least to 
some extent, a social game.  
4.4 Watch your Steps 2.0 
After finishing the first study, an opportunity to deploy 
a new version of Watch your Steps was offered to me. 
This new setting offered two challenges: it involved 
more players (24 versus 10 in the first study); and it was 
a corporate setting (the Human Resources Department 
of Australian Unity Healthcare, shown in Figure 16). In a 
corporate setting I had more restrictions than the first 
version of Watch your Steps. For instance, as it was not 
my workspace, I could only make weekly observation 
visits.  
I took advantage of developing a new version to 
explore new features and modes of operation in a 
complete different context. For example, I was 
interested in how the interactions would change if the 
data was related to groups rather than individuals. 
Moreover, the number of players was now significantly 
higher, so including an individual line would be 
indecipherable. I also wanted to move away from the 
original aesthetics, which had no narrative; it was only 
a line graph.  
In order to address these concerns, I introduced two 
changes to the original version: 1) each line would 
represent the average steps of a group of 4 or 5 
players; and 2) the lines would now resemble 
spaceships travelling towards a star (Figure 17). I also 
showed the number of players who were active in 
Figure 16. The office space where Watch your Steps 2.0 was situated 
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each team (steps>0), as a way of providing more 
context to the group data that was being shown.  
4.4.1 Study 
Throughout the four months in which the display was 
operating, I made weekly site visits, each taking 
between 30 and 120 minutes, to check that the display 
was working fine and to have short conversations with 
some of the players. At the same time, I made on-site 
observations of how people interacted with the display 
and observed the data periodically, as a way to get an 
idea of the number of players engaged and how the 
system was working. 
After four months, I conducted a survey of how the 
users perceived the system according to different 
attributes like how collaborative, competitive, fun and 
easy to understand it was. I also asked for written 
positive and negative feedback, and the self-reported 
change because of participation in the study. 
Finally, I had an in-depth interview with one of the 
organisers from their side to understand how she 
perceived the operation of the system, issues and 
anecdotes as an insider.  
Given the less accessible context in which this second 
version of the system operated, the results of this new 
study are more superficial in comparison with the first 
one. I was aware of this limitations from the beginning, 
however, I still was able to get some valuable findings 
and insights from this new, less in-depth, study. 
4.4.2 Results 
From the observations 
During my on-site visits, I could only observe a very 
low-intensity engagement with the display. It was hard 
to observe when someone looked at the display or 
reacted to it.  
This sensation increased when the space in which the 
display was installed started being occupied by 
additional desks due to new employees joining the 
team. At the beginning, the display operated in an 
open space surrounded by bean bags and tables, 
where the weekly group occurred. We (the organisers 
and I) chose that location because of its accessibility 
and visibility. However, some workstations were 
placed in that same space halfway through the study, 
reducing the space for observing the display, which 
was then moved to one corner of the room (Figure 18).  
It was also problematic to introduce such a system into 
a corporate environment. Due to security policies, the 
first computer that the company provided often asked 
for a corporate password, interrupting the operation of 
the display, which I solved using an external computer. 
But new practical problems appeared afterwards: the 
screen (a 50’’ TV) did not have a timer, so it was on 
24/7. Some people would turn it off at night or before 
the weekend, but then nobody turned it on again. 
Something similar happened with the new external 
laptop: it worked until someone eventually unplugged 
the charger. Similar issues remained throughout the 
Figure 17. The second version of Watch your Steps included spaceships 
that represented groups of players 
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study, showing difficulties of testing prototypes at in-
the-wild settings.  
From the data analysis 
From looking at the data periodically, I could observe 
an average of 14 players every working day in the first 
weeks. However, at week 7 that average decreased 
dramatically to less than 7 daily users. I discovered later 
in the in-depth interview that the team had a group 
activity that full week which prevented them from 
interacting with the prototype. Interestingly, after that 
week the number of players remained low. This shows 
how fragile participants’ engagement was. 
Another observation from the data was the differences 
between different teams of players. Between the four 
groups, two were systematically the most active, and 
within those groups, the same users were also 
systematically the most active. This result highlights 
the impact of how the teams are made up when 
implementing competition between groups.  
From the survey 
Some users highlighted the lack of continuity in the 
operation of Watch your Steps. As three participants 
commented: “Unfortunately, the display kept turning 
off”, “it was a great talking point when the display 
worked!” (P4), “It was fun to begin with but lost traction 
... (it) seemed to not be working sometimes” (P9) . 
These three comments suggest that, although some 
players might have enjoyed to be part of the initiative, 
the frequent disruptions of the system’s operation 
affected their engagement.  
Other players highlighted that they would like a more 
competitive dynamic: “The display was engaging; 
however, as a competitive person, I felt it was less 
valuable understanding how individuals fared against 
each other” (P3), “It was less motivating having it 
lumped into a team display, as I didn’t feel I could see 
my own results up there in comparison to others” (P6).  
In the attributes evaluation, the display was perceived 
as more competitive (avg=2.7 on a 0–4 scale) than 
Figure 18. The prototype's location changed from an open meeting space (left) to a small corner (right), reducing its 
visibility 
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cooperative (avg=2.56). However, this difference is not 
statistically significant. 
Finally, some players saw the display as a social 
facilitator: “it gave us a nice reason to interact with 
colleagues”. Another participant mentioned that “it was 
a great talking point”. 
From the in-depth interview 
Patty (a pseudonym) led the deployment of this 
prototype from the side of the institution. She gave me 
a personal account of the anecdotes and quotes that 
she remembered based on my questions. 
Patty highlighted similar accounts of the activity on the 
days that were not displayed. For example, after 
coming back from being overseas, one participant 
commented that it was a shame that the display was 
not working any more as he “was doing lots of steps 
while he was away”. 
When discussing the factors that led to 
disengagement, Patty suggested that an offsite week 
was the cause of a reduction of more than 50% in the 
number of participants. According to her view, another 
factor was that the system started showing technical 
problems during August. 
Patty recalled that a small group of participants used to 
look at the display several times a day, but a majority 
only interacted with it only when they were around.  
Finally, Patty described a tension between the 
competitive and non-competitive participants; 
showing a small average of a group’s steps was a 
problem for some competitive participants who would 
have preferred an individual account, as in the first 
version of Watch your Steps. 
4.5 Discussion 
During the design, prototyping and exploratory study 
in-the-wild of Watch your Steps, I gained insights and 
reflections about the challenges of designing situated 
displays for self-quantification of physical activity. I 
discuss now five insights into the implications and 
challenges of designing situated displays of self-
quantification data. 
Sharing individual step counts can be motivating 
to increase one’s own physical activity despite 
environmental factors 
The situatedness and semi-public nature of a shared 
display can help make users aware of how other 
people overcome problematic factors that are 
common to the whole group. Watch your Steps was 
able to provide users with reference points of data 
from other players who experienced the same 
environmental factors that might explain their sitting 
time. These environmental factors, as suggested by 
Brownson et al. (2001), are often associated with being 
at least partly responsible for a lack of physical activity, 
however, by providing access to vicarious experience, 
(i.e., the indirect experience obtained from observing 
others), the display also played a key part in building 
self-efficacy (Bandura 1989) i.e., the feeling that one 
can actually do or achieve something. As shown by 
several quotes, drawing on others’ capacity to 
overcome environmental factors (such as working in 
an office full of sitting spaces) was, therefore, a 
motivating factor through increasing self-efficacy. 
Prior work shows that the sharing of physical activity 
data can motivate users (Consolvo et al. 2006; Poole et 
al. 2013). I can extend this by adding that, in a 
collocated context, a situated display that publicly 
shows individual activity levels can reduce the 
perceived restraint of environmental factors, as all 
users are experiencing the same ones.  
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Introducing a situated display of physical activity 
data into the workplace offers users an 
opportunity to appropriate it for self-assessment 
of productivity 
As a ‘flat line’ indicates no physical activity, I was 
expecting that users would be not happy about these 
events on the display. However, as shown, I found that 
people saw positives in these inactive periods, 
appropriating the data for self-productivity assessment 
afforded by the work context the display was situated 
in.  
Appropriation of technology for different purposes 
than the one for which it was originally designed is not 
new (Harrison & Dourish 1996); however, here I extend 
this notion by identifying that shared physical activity 
data in a work context affords use of the ‘inactive’ 
moments to say something about work productivity. 
The appropriation of a display of step-count data for 
productivity assessment highlights the need to think 
about what the display of ‘inactive’ data means for 
users and how the shared context frames this 
understanding of the data. 
Self-monitoring devices not distinguishing 
between non-use and inactivity can lead to 
disengagement 
Previous work highlighted that self-monitoring devices 
that do not adequately track physical activity can 
contribute to disengagement (Consolvo, Klasnja, et al. 
2008). With my work, I found that sharing this data 
provided a further opportunity for users to disengage, 
as they did not want to be perceived by others as 
inactive, especially if they were away from the office, 
such as working from home, where others could not 
see that the device was not reporting the right data.  
How to represent data indicating non-wearing of the 
self-quantification device remains a challenge, as most 
of these devices do not distinguish when a user is, for 
instance, not wearing the device. It is also a challenge 
to make this representation distinct and visible to the 
users of a situated display. Prior work suggests 
allowing users to manually edit and correct their data 
(Consolvo, Libby, et al. 2008), which I believe could 
also allow for differentiation between inactive and 
non-wear data; however, this can be tedious given the 
large data set that today’s self-monitoring devices 
produce. Yet it is reasonable to expect these devices 
will overcome such limitations in the future. 
Ephemeral feedback is valued and helps to 
diminish privacy issues 
Because of its semi-public nature, I needed to be 
careful in my design about potential privacy issues that 
could emerge from the displayed data. For example, in 
Consolvo et al. (2008) the inclusion of personal 
annotations and historical data is recommended as a 
way to support the learning process; however, I chose 
to show just a representation of the current day 
without annotations, which in my view was enough to 
enable “building the story” without the need for 
annotations that can raise privacy concerns.  
Ephemeral feedback raises other issues related to the 
potential interference with existing power relations, 
like those in the workplace. This issue was shown by 
the assessment of players’ productivity made by the 
lab management based on step-count data. This is a 
potential negative attribute that appears when using 
self-quantification systems in business environments, 
related to the surveillance potential for them to be 
used against others’ interests. An example of this is an 
insurance policy that uses self-quantification data to 
assess clients’ risks. 
In-the-wild interactions involve unexpected users 
When user studies occur in real contexts of use instead 
of a more controlled setting (e.g., a laboratory), 
unexpected users interact with the prototypes being 
studied, particularly when a study lasts for a long 
period.  
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Part of the technical problems that I observed in both 
studies were related to unexpected interactions such 
as a cleaning service unplugging the display or 
someone just turning the prototype off in order to save 
electrical energy. These examples show how in-the-
wild settings involve unpredictable interactions that 
affect the user experience that is being studied. For 
example, once Watch your Steps was turned off by a 
non-user, it was normal that it stayed in that state for 
several hours or even days. Part of the issues with my 
study were related to dealing with such problems.  
This insight also reminds us of the agency that 
unexpected actors have over the systems that are 
deployed and over social practices more generally 
(Strengers, Nicholls & Maller 2016).  
4.6 Conclusion 
Watch your Steps was my first attempt at 
experimenting with self-quantification data beyond 
only using a device. The project allowed me to build a 
technology infrastructure that was able to collect, 
transform and modulate self-quantification data, which 
was reused later in the other projects discussed in 
Chapters 5 and 6. Although it was not complex in its 
design, this project allowed me to understand what 
happens when a display of self-quantification data 
become situated and shared socially. It also allowed 
me to face some of the difficulties and challenges of 
implementing such systems. 
The design insights and considerations have been 
elaborated primarily from my own experiences and 
thoughts as the designer, a user of the system and an 
observer of others’ experiences in the specific context 
of a research lab. Although my insights are supported 
by some of the feedback from the interviews, the 
considerations presented here are only intended to 
inspire and aid designers to explore the avenues of 
opportunity that shared experiences of social 
collocated self-quantification using situated displays 
can offer.  
Besides methodological limitations, Watch your Steps 
did not explore tangible forms of interaction with self-
quantification. By using a screen, the prototypes 
discussed here were still anchored in a numerical view 
of self-quantification. Such an approach led to some 
competitive behaviour but also disengagement in the 
long term, both of which are common in current self-
quantification systems. However, this first step and its 
insights set the base for the next stages of my 
exploration of tangible and embodied interactions with 
self-quantification, which are discussed in Chapters 5 
and 6.  
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Chapter 5                       
Dyna 
Coupling self-quantifiers with quantified everyday objects 
5.1 Introduction 
Self-quantification systems have taken advantage of 
current possibilities of data gathering about our bodies 
and what we do with them. But data gathering is only 
one side of the story; once the data is registered by a 
sensory device, it needs to be modulated into a 
perceptible form. This is usually done by drawing on 
the multiple screens that surround us: an application 
on a mobile phone, a website accessed using a laptop 
or a desktop computer, a smart watch’s screen and so 
on. However, screen-based interactions, which are 
enabled by a Graphical User Interface (GUI), have great 
limitations, as noted by Ishii (2008, p.470): 
Interactions with pixels on these GUI screens are 
inconsistent with our interactions with the rest of the 
physical environment within which we live. The GUI, 
tied down as it is to the screen, windows, mouse and 
keyboard, is utterly divorced from the way interaction 
takes place in the physical world.  
On the other hand, computers have increasingly 
expanded the contexts in which they are commonly 
used—from the desktop to being embedded in our 
everyday objects and environments—yet self-
quantification systems have only seized the 
opportunity in terms of the ways in which data is 
sensed (e.g., wearable sensors) or, as in previous 
examples, adding novel representations to the existing 
screens that surround us. In short, most current 
interactions with self-quantification systems are still 
based on visualisation of data that is displayed on 
screens that we observe or touch.  
In this chapter I describe drawing on embodied 
interactions (Dourish 2004b) to develop self-
quantification systems that occupy our everyday 
physical and social world outside the screen. To do so, 
I modulated self-quantification data through everyday 
objects. I put this idea into practice by designing a 
meeting table that changes its height based on the 
number of steps of a group working around it.  
I discuss the design process and the challenges I faced 
in the process of building a working prototype of an 
embodied self-quantification system. I also discuss the 
consequences of interacting with such a system—
which I called Dyna—through analysis of its 
deployment “in-the-wild” (Rogers 2011). Finally, I 
speculate about possible futures based on what I 
learned throughout the process. 
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5.2 Embodied interactions 
within self-quantification 
systems 
If we look at examples of current self-quantification 
systems, we mostly find devices and mobile 
applications that gather and exploit self-quantification 
data in different ways, but with something in common: 
they take advantage of an ecosystem full of screens 
like the ones embedded in wristbands, mobile phones, 
laptops, desktop computers and so forth. Within this 
data-visualisation approach, self-quantification 
systems have taken different forms of data modulation 
(i.e., transforming the data into something perceptible). 
For example, some visualisations are focused on 
showing the numbers (or aggregations of numbers) of 
the actual quantification (e.g., daily number of steps or 
heart rate). Similarly, other visualisations enable trend 
discovery and facilitate comparison (between days, 
people, etc.). Finally, some forms of modulation use 
more metaphorical and abstract representations of 
self-quantification data (e.g., Consolvo, Klasnja, et al. 
2008; Lin et al. 2006) in order to change the meanings 
of the otherwise detached, rational representation of 
the numbers.  
This predominance of screen-based interactions— 
which have referential meaning in relation to 
something outside the interaction itself (e.g., looking at 
numbers on a graph that represent the daily number of 
steps)— is perhaps related to the challenge of making 
data meaningful to those who generate it. As previous 
research shows, it is difficult to sustain engagement 
with self-quantification systems over time, particularly 
after the novelty effect wears off (Rowe-Roberts, 
Cercos & Mueller 2013). Would this situation be 
different if we modulated self-quantification data 
without using screens or numbers and, instead, 
                                                
8 https://www.amazon.com/Dash-Buttons 
enabled interactions in our everyday physical and 
social world? This is what I explore in what follows. 
Besides screen-based interactions, meaning creation 
can also be enacted through data modulations that 
participate in the same everyday world that the data is 
trying to represent. This is, in short, what is suggested 
by Dourish’s embodied interactions (Dourish 2004b) 
and by Ishii’s tangible user interfaces (H. Ishii 2008). 
Through our embodied interactions with each other 
and with the world, we “encounter, interpret and 
sustain meaning” (Dourish 2004b, p.127), taking 
advantage of digital data that is “direct manipulable 
with our hands” and serves as both a representation of 
digital data and a means to control a digital system 
(Ishii 2009, p.142).  
There are some examples of embodied interactions in 
digital systems from both industry and academia. For 
instance, Amazon Dash8 is a physical button that 
triggers online purchases of a particular item (e.g., 
detergent, paper towel). If an Amazon customer 
realises they are running low on, say, dishwasher soap, 
they just press the Amazon Dash button and an order is 
immediately placed. This product shows the 
importance of using the context in which action 
occurs (here, finding that a product will run out soon) 
as a way to facilitate a particular behaviour (in this case, 
selling that product before it runs out).  
A seminal example of embodied interactions with 
digital systems was designed by the artist 
Natalie Jeremijenko. Dangling String (Weiser & Brown 
1995, 1997) represents network data traffic in the Xerox 
Parc network with a spinning wire; when the traffic is 
higher than normal, a real, physical wire suspended 
from the ceiling spins and oscillates. Breakaway 
(Jafarinaimi et al. 2005) is similar but, instead of using 
data packets like Dangling String, it uses sitting time as 
the data that shapes the form of a tangible sculpture. 
Both are examples of what are known as ambient 
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displays (Wisneski et al. 1998), that is, displays that are 
focused on peripheral attention in order to be 
perceived (i.e., they do not require direct, conscious 
attention). Extending the work on self-quantification 
and tangible representation, Stusak et al. (2014) 
explored 3D-printed representations of running data. 
Similarly, Khot et al. explored different material 
representations of heart-rate data (Khot, Hjorth & 
Mueller 2014; Khot, Pennings & Mueller 2015; Khot et 
al. 2015). In particular, they experimented with three 
different materialities—3D-printed data sculptures, 
drinks mixed according to heart-rate levels and edible 
shapes made out of chocolate—suggesting a 
framework for developing material representations of 
self-quantification data. Lee et al. (2015) also designed 
a system that represents physical activity data as 
patterns on a wristband activity tracker. These 
examples show the opportunities for self-expression 
and awareness in tangible representations of self-
quantification data. 
However, with the exceptions of Breakaway and 
Dangling String, most of these examples only explore 
the tangible as a result (static objects that represented 
data), rather than a dynamic interaction that can unfold 
in time. Most of these examples also miss the 
opportunity for sense-making within the same context 
in which action occurs; their physical representations 
of self-quantification data are placed in a different 
context to the ones in which the data was sensed. 
Finally, embodied interactions also have a social 
dimension (Dourish 2004b) that these examples do not 
particularly explore.  
In sum, from these examples I propose the following 
opportunities [Op] for embodied interactions with self-
quantification data: 
[Op1] Designing interactions in which the data is 
not only represented in a static, fixed form, but also 
represented in a dynamic form 
[Op2] Using the same context and setting in which 
action occurs, for instance by augmenting everyday 
objects (Ishii, 2006) 
[Op3] Involving social groups in the tangible 
interactions, rather than just individuals 
5.3 The design of Dyna: a 
meeting table that embodies 
physical activity 
5.3.1 Rationale 
There are plenty of everyday elements that facilitate 
sitting (or not walking), such as chairs, tables, 
workstations and so forth. Social practice theory 
highlights the influence that such things exert on how 
we act (see section 2.2.2). Health practitioners can 
make great efforts to convince a population of how 
bad long sitting periods are for them, but even if we 
are persuaded, the whole disposition of the spaces that 
we use in our everyday lives often do not allow for 
such a ‘radical’ change. As Miller (2010, p.135) states in 
describing Pierre Bourdieu’s Outline of a Theory of 
Practice:  
Individuals grow up to become, with varying degrees 
of typicality, members of a given society. This happens 
in most cases, not through formal education, but 
because they are inculcated into the general habits and 
dispositions of that society through the way they 
interact in their everyday practices with the order that is 
already prefigured in the objects they find around 
them. 
In other words, there is an established ‘order’ which is 
already suggested by the things we use; in our case, a 
‘sedentary’ order. Some examples of such order are 
the multiple chairs and tables that surround us, which 
invite us to sit even if we do not really want to. What if, 
instead of transforming people, we disrupted such 
‘order’ which facilitates sitting? How would that work 
differently to a screen showing numbers and graphs 
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(like Watch your Steps)? These are the questions that 
motivated this particular stage of my research. 
5.3.2 Ideation 
Back in 2013, while I was experimenting with the Fitbit 
platform and working on the first iterations of Watch 
your Steps, the team involved in that stage of this 
research project held a meeting in a room which had a 
special meeting table: it could change its height with 
an up/down button. As it was unfamiliar to most of the 
attendees, we all started discussing this kind of 
adaptive furniture and the possibilities that it affords. 
Shortly, we started imagining linking physical activity 
with the height of that table (exploring both [Op1] and 
[Op2] described earlier). It seemed like a feasible 
project to try linking Fitbit data with a table’s height 
using a similar mechanism, so I started searching for a 
table that I could purchase and modify its electronics. I 
chose to call it Dyna to highlight that this table is 
dynamic and can change its height based on an 
external parameter. Similar ideas, but in a more radical 
form, appeared earlier in brainstorming sessions 
conducted at the start of this research (Figure 19). This 
shows how radical, impossible ideas can lead to more 
feasible ones.  
For the sake of simplicity, I used a commercially 
available standing desk that has motorised legs which 
are able to adjust their height based on users’ 
commands. A very simple ‘joystick’ with only up and 
down buttons controls the table’s height. The idea was 
to replace (i.e., hack) the joystick by linking Fitbit data 
with the height-adjustment mechanism.  
At an early stage, I implemented a very rough 
prototype that consisted of moving the table every 5 
minutes randomly, alternating up and down directions, 
with movements between 0 and 50 centimetres. I kept 
this setting for five days, only interrupting it when the 
table was being used for meetings. The main 
observation from this small experiment was the 
following: a table moving itself every five minutes is 
too noisy and annoying for a workspace. 
5.3.3 Design decisions 
Some questions that I had at earlier stages were: 
1. Do I want to allow users to change and override 
the suggested height? 
2. Should I represent short-term data (i.e., last 
hour) or something more aggregated (i.e., last 
week)? 
3. Do I want slow or fast movements? 
4. What frequency of update should I use? 
5. What happens when someone is using the table 
(e.g., for a meeting)? is it possible to deactivate 
the coupling? 
6. How do I integrate the group data in a 
meaningful way? (e.g., average number of steps, 
highest number of steps, majority status of 
sitting/active, etc.) 
7. Who do I want to affect? The table’s users? 
People sitting around it?  
8. How salient/ambient do I want the table to be? 
As a way to move towards answers to these questions, 
I defined some basic principles that guided the design 
process: 
Figure 19. An early sketch of a radical idea: a computer that runs 
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1. Players’ agency: the user is free to accept or 
reject the recommendation (by manually overriding 
the height). 
2. Ambient feedback with moments of friction: I 
did not want the table to be annoying (e.g., always 
changing its height in a fast, noisy way), but I still want 
to affect all users, making it somehow noticeable. I 
decided that the table would work in both ways, as an 
ambient display (when nobody is using it) with some 
salient moments which are very noticeable (when 
players are having a meeting around it).  
3. Forgetfulness: the table represents an instant 
capture of the activity, but then it forgets. I kept this 
principle of non-persistence from Watch your Steps, 
which had only one day of ‘memory’. 
Based on these definitions, I made more detailed 
design decisions. A summary is shown in Table 1.	
Single/multi-player 
One of the most relevant decisions was whether the 
table was going to be used by individual users (i.e., 
single player) or groups (i.e., multi-player). In the first 
case, I could think of a personal workstation that 
changed its height based on the user’s Fitbit. In the 
second case, I needed to find a way of integrating the 
group’s walking data in a way that made sense to the 
players. Although both alternatives were worth 
exploring, I chose the latter, mainly because such an 
alternative seemed to provide a more fertile space for 
social play, fully embracing both tangible and social 
components of embodied interactions (which explores 
[Op3] mentioned earlier in this chapter).  
Feedback dimensions  
I also chose to reduce the amount of feedback to only 
one dimension: the height (which still has sub-
dimensions that can be combined: speed of 
movement, frequency, patterns, extension of 
movement, etc.). As an example, I could also have 
explored visual feedback on the table’s top and audio 
feedback, among others. Yet I reduced the options as a 
way to focus on the table’s function as a tangible 
object, whereas dimensions like the ones mentioned 
are already used in screen-based interactions. 
Coupling 
I chose to automatically include players who had daily 
activity on their Fitbit accounts in the calculations that 
set the table’s height. By doing this, I allowed players to 
choose whether to participate by just wearing or not 
wearing their Fitbit devices. An interesting alternative 
would have been to design an opt-in mechanism in 
which players actively decided to participate.  
Memory 
As mentioned, I kept forgetfulness (i.e., the system 
forgets the history with a certain frequency) as a 
principle from my first project. However, here I 
reduced the level of history from one day to one hour, 
as a way to facilitate sense-making. This decision 
aimed to help players deal with the question: ‘what 
does the table movement mean?’ With a smaller 
history, the sensorimotor coupling becomes, I 
thought, more direct (i.e., there is less time between 
players’ actions and their perception of the subsequent 
change in the table’s height).  
Data aggregation 
I chose to calculate an average of the number of steps 
taken by all members over the last hour. As noted, I 
only considered in this calculation players who had 
taken more than zero steps during the current day. An 
alternative was taking one random player’s activity 
from the last hour as the parameter that set the table’s 
height. I did not take such a path as it would be too 
difficult to understand what the table was showing; 
however, I think there  
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Design aspect Alternatives Decisions 
Players’ agency 
• Players can override table’s 
suggested height 
• Players cannot override table’s  
suggested height 
Players have access to ‘up’ and ‘down’ 
buttons, therefore they are able to 
override the table’s suggested height 
Ambient/salient feedback 
• Table captures the full attention 
from players 
• Table does not require attention 
in order to be perceived 
The table is mostly an ambient display, 
but creates friction when it is being 
used 
Individual/group 
• The table changes according to 
data from an individual player 
• The table uses aggregated data 
from a group of players 
The table considers the average steps 
taken by a group of players 
Coupling 
• Players’ data is included in the 
table’s height calculation 
automatically 
• Players need to take action in 
order to join the group 
Players join the group that is being 
represented by the table just by using 
their Fitbits 
Feedback channels  
• The system involves multiple 
feedback channels, digitally 
augmenting the table 
• The system only modulates data 
through the physical object (the 
table) without any further digital 
augmentation 
The table does not include other 
sources of feedback than changing 
some parameters of the object itself (in 
this case, the table’s height) 
Short/long-term data 
• The system includes historical 
data 
• The system only includes short-
term data 
The system only considers short-term 
data (the last one hour), forgetting 
historical step data 
Data aggregation 
• Average 
• Maximum 
• Random 
Average of all players’ steps 
Pattern of movement 
• One movement every hour 
• Several movements per hour 
• A few movements per day 
Several movements per hour 
 Table 1. Design decisions summary for Dyna 
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 is a fertile space to use such uncertainty to create 
playful situations. 
Patterns and rhythms of movement 
 When thinking about how often the table should 
change its height (in relation to the new data), the 
design tension is between: a) giving little opportunities 
for a sensorimotor correlation and sense-making 
process to occur (e.g., a table that changes once a 
day); and b) making it unusable as a table (e.g., a table 
that is always changing). I decided to use update cycles 
of 15 minutes, so in a one-hour meeting the table 
would change four times. Also, I decided to slow down 
the speed of change of the table (producing less noise 
and disruption) by introducing a small delay between 
multiple small changes (i.e., the table changes its 
height in small sequential movements with 
micropauses, instead of one single fast change with no 
pauses). In this way, I balanced disruption (using 
salient, noticeable feedback) with the table’s original 
functionality of being situated within a workspace 
(through ambient feedback). 
5.3.4 Prototyping process 
The first prototype consisted of an Arduino board that 
controlled the electrical response of the buttons ‘up’ 
and ‘down’ based on its digital outputs. I did this by 
simply connecting those digital outputs to two 
transistors that activated the buttons when the Arduino 
gave the instruction. 
The next challenge was to implement the coupling 
with players, i.e., controlling the Arduino digital outputs 
based on Fitbit data. I achieved this by using an 
internet-enabled Arduino that was able to make 
queries to a MySQL database that was being filled with 
the data from the Watch your Steps project. In this 
way, I reused the infrastructure built for the first project 
and implemented a working prototype in days. For the 
first time, I could couple Fitbit data to movements in 
the height of the table. However, I could not make 
anything meaningful with such a coupling, because I 
did not have a sense of the current height of the table 
before changing it, so I did not have a sense of the next 
stage of the table; I was only able to control whether 
the table moved up or down, and for how long, the 
frequency and the sequence of movements using Fitbit 
data.  
To control the height precisely, I needed to understand 
what the current height of the table was before and 
after the change. To accomplish this, I added a sonar 
distance sensor pointing to the bottom of the table 
that enabled me to get data on the height of the table. I 
faced two challenges here. Firstly, the table was 
located on top of a carpet that affected the response 
of the sonar, which sends a signal and measures how 
long it takes to bounce back. With the carpet, the 
bouncing was not enough to activate the sonar, so I 
removed the carpet. Secondly, to use the whole range 
of movement of the table regardless of whether some 
object was on the floor interrupting the sonar, a 
calibration routine was performed at the start of each 
day. This routine checked both the heights at the 
lowest and highest positions of the table in relation to 
the floor (or an object between the sonar and the 
table), and used those parameters to set the whole 
range of movement of the table. 
With the table’s state problem solved by the sonar, I 
had a prototype that I could test. In summary, the 
prototype consisted of the following components: 
1. An adjustable table with a motorised mechanism 
2. An Arduino board with Wi-Fi capabilities 
connected to a simple circuit that replaced the 
table’s joystick. This was done by connecting 
the Arduino’s digital outputs to transistors that 
controlled the up/down movements. 
3. A remote server with a MySQL database that 
was populated with data every 15 minutes, just 
as in the previous project, Watch your Steps. 
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4. A sonar distance sensor that measured the 
actual height of the table at any moment. 
With all the abovementioned elements, now I will 
describe how they worked together to couple Fitbit 
data with the table’s height. 
As mentioned earlier, the Arduino could access a 
MySQL database and move the table up or down, also 
obtaining the current table height at any stage. Shortly 
after trying different queries and ways to translate the 
data into height, I decided to put the logic (i.e., queries 
and calculations) on the remote server side, as the 
processing power and memory available in the remote 
server were significantly higher than in the Arduino 
Yun board. With this change, the Arduino would 
frequently get a number that represented the height 
(H) from 0 to 100 indicating where the table should be, 
H=0 being the lowest position and H=100 the highest 
position. By making this small change, the process of 
refining the queries and calculations was much easier 
and I could ensure that the system attached to the 
table worked as needed without considering the logic 
that set the parameters of movement. For example, I 
could think about a table that went to the highest 
position (H=100) when the average of the group was 
lower than, say, 500 steps/hour. But if I wanted to try 
something different, I could easily do exactly the 
opposite: send the table to the highest position (again, 
H=100) when the group average was above 2000 
steps/hour. These two very different logics are 
irrelevant as they provide the same input: H=100, 
meaning the highest position (see Figure 20). This 
same principle of setting the logic complexity ‘in the 
cloud’ (i.e., not in the Arduino itself but in an internet 
server) was applied in the following projects involving 
microcomputers in this research.  
In summary, a remote server calculated a number 
between 0 and 100 using the same data from Fitbit 
devices collected for Watch your Steps. The server 
then ‘published’ this number as a web page that was 
accessed by the Arduino Yun. With this number and 
the current height of the table, the Arduino moved the 
table to the desired position. 
5.4 Study 
As a way of testing some of my assumptions, I 
conducted a short study in my research lab at RMIT 
University. Six colleagues (including myself) agreed to 
wear a Fitbit flex device (a wristband). One participant 
refused to wear the wristband but agreed to give his 
impressions as a participant in the meetings and user of 
the space. I changed the device because of all the 
problems in my first study with the Fitbit Ultra (which is 
a clip instead of a wristband). The wristband, I thought, 
facilitates more compliance in the use of the device. 
I denoted here as ‘players’ the ones who were wearing 
the Fitbit device and interacting with the table. On the 
other hand, ‘users’ were those who only used the table 
without being coupled to it through self-quantification. 
5.4.1 Methods 
I used a mixed-methods approach to analyse how the 
table was used. For instance, I video-recorded the 
meetings to observe what happened with the 
movements of the table. Also, I conducted short 
interviews after each meeting with all the participants. 
Finally, I kept a diary where I wrote down every 
observation from being in the space in which the table 
was operating at the end of each day. This can be 
described as participant observation, as I was also part 
of the meetings and one of the players. 
I analysed my notes from each interview and video 
analysis, and discovered 54 relevant quotes or 
observations that I later grouped using affinity 
diagramming. 
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5.4.2 Results 
In general, the table was accepted by the players and 
the other users of the workspace without major 
complaints. However, some players had problems with 
the lower positions as they were uncomfortable, even 
for sitting users: “the table went too low and it was 
uncomfortable to use” (P1).  
Another finding is that the lowest position did not 
make sense as some users preferred standing during 
meetings: “I was happy standing and it went down” 
(P1). In general, players tended to accept the table’s 
position and rarely modified what was being suggested 
as the position of the table. 
An interesting situation of use and appropriation were 
the meetings. As meetings around a table do not 
produce many steps, the table tended to go up 
regardless of the previous activity levels of the group. 
This behaviour was framed by two participants as a 
time management tool: “[when it went up] it was like 
an indicator of we need to wrap up and finish the 
meeting” (P2); “It was an indicator of closing time, we 
were sitting for so long” (P1). The table also acted as a 
Figure 20. Dyna's extreme positions according to the average number of steps of the players 
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reminder of self-quantification: “When it moved, I 
checked my progress” (P3). 
Some players were confused about the direction of 
movement (i.e., the table moving up meant low activity 
and vice versa): “I was confused about the direction of 
movement and why it was moving”. As the table was 
the only public indicator of the group’s activity, it was 
difficult to make sense of the movements. Here, there 
were two hidden pieces of information about which 
players could only speculate: the number of steps of 
each player and the number of players who were 
being considered, both needed to calculate the 
average. Related to this, some uncertainty was also 
observed: “When it moved after I arrived, I was 
wondering if it was because of me” (P4).  
From the video analysis, it is clear that the movements 
of the table, which were very small and mostly went 
unnoticed, did not interrupt the meetings; the previous 
hour’s average usually did not change radically every 
15 minutes. I found two patterns that were the most 
common. First, the table going up slowly throughout 
the meeting and users ‘following’ it. Second, someone 
arriving to the meeting late and the addition of their 
steps to the group’s average introducing more radical 
changes that were noticed. 
In summary, I found that players were not clear about 
the meaning of the up/down movements; felt 
uncomfortable with some positions; some were not 
sure about but wondered about their contribution to 
the current stage of the table; users tended to accept 
the state of the table and changing manually was rare; 
the table served as a reminder of the self-monitoring; 
and finally, the table was appropriated as a time-
management tool. 
5.5 Dyna 2.0 
Similarly to Watch your Steps, after finishing the study I 
had the opportunity to deploy a new version of Dyna. 
This new version was installed on one of the floors of 
Australian Unity’s corporate building (Figure 21).  
In collaboration with a colleague, I used this 
opportunity to evolve the first design, introducing 
some changes. For example, I was interested in how 
the interactions would change if the players had to 
actively join the group that was being included for the 
table’s height calculation, triggering an immediate 
change when joining. I also included a playful detail: 
the system randomly picked one of the players and if 
they had no steps in the last hour, the table would 
make a random movement that aimed to draw the 
attention and curiosity of the players (in order to find 
out the player who had no steps).  
Due to limitations of time and resources, I could not 
run a user study. However, the new version was a 
useful way of looking critically at the first prototype. 
For instance, the uncertainty about which players were 
being included in the table’s height calculation 
Figure 21. Dyna 2.0 prototype 
 75 
 
 
introduced a voluntary action in which each player had 
to opt in in order to be considered. The random player 
also added some playfulness that the first version 
lacked. In sum, Dyna 2.0 can be observed as an 
evolution of the first version which tries to address 
some of the problems detected in the user study. 
5.6 Discussion 
So far, I have reviewed the process of design, 
prototyping and an exploratory study in-the-wild of 
Dyna, a meeting table that changes its height based on 
the physical activity of the people working in an office. 
From each stage, I gained seven insights about the 
implications of introducing a dynamic everyday object 
which is otherwise static, such as Dyna, into the social 
practices that are performed within a work setting.  
Combination of salient and ambient modes of 
operation  
Tangible artefacts produce disruptions to the places in 
which they are located. They may make noise, their 
movements may distract and so on. In fact, the 
transformative power of these disruptions is one of the 
reasons we are engaging with tangible interactions. 
However, everyday contexts, including the ones 
related to work activities, affordFix different modes of 
use; people may be focused on working at one 
moment and a couple of hours later a noisy meeting 
could be held in the same place. Therefore, digital 
artefacts that are designed to enable interactions in 
such places should consider both salient and ambient 
modes of operation. By addressing this, it is more likely 
that an artefact like Dyna becomes integrated into the 
social practices that are being performed there. The 
risk of not moderating the level of disruptiveness of an 
unfamiliar artefact that is being introduced into social 
practices that already have a trajectory is clear: people 
disconnect and do not interact with the new element 
because it is annoying. 
In-the-wild settings have unexpected actors (for 
designers)  
As mentioned, I used a sonar-based distance sensor to 
measure the height of the table. A carpet that was 
sometimes placed below the table, which changed the 
reflectiveness of the floor, affected its operation. We 
can frame the carpet as an unexpected actor with 
agency over the system’s operation (Strengers, 
Nicholls & Maller 2016). In the design process, it is 
difficult to predict which actors will participate. This 
may affect reliability and sustained operation of the 
system, eventually leading to user frustration and lack 
of engagement. 
Augmenting everyday objects may reduce 
functionality and comfort 
Part of the shared meanings associated with a meeting 
table are related to its lack of change. When using a 
table, meeting attendees expect it to remain at a fixed 
height, whether we are considering a regular or a 
standing table. In my study, I observed how the 
coupling between the table’s height and players’ 
physical activity introduced some disturbances to 
regular meeting table uses. In particular, I found that 
the border conditions (i.e., the table at its highest and 
lowest heights) created uncomfortable positions for 
users (see Figure 22). Middle positions created some 
friction as well: some users were confused as to 
whether they should be sitting or standing. Finally, 
table movement while a meeting was being held was 
considered distracting. 
Users might feel, for example, uncomfortable with the 
low position of the table, but such lack of comfort may 
suggest to them that the group has been very active. In 
the opposite case, a table that is higher than normal 
may suggest an abnormal lack of activity that will be 
noticed by the group of players. From here and aligned 
with Hassenzahl and Laschke’s aesthetic of friction 
(Hassenzahl & Laschke 2015) I embrace the ‘lack’ of 
practicality and, more precisely, the contrast between 
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different possible states (some of them comfortable, 
some of them not) as a fertile space to transform 
current practices. In sum, such perturbations might 
create some lack of comfort but, at the same time, 
they increase awareness, bringing forth new 
conversations about (and affecting) shared meanings 
on elements of sitting practices. Three questions arise 
from this. Firstly, what is the level of friction that is 
acceptable for the setting into which the augmented 
everyday object is introduced? Secondly, what other 
possibilities does such friction offer for transformation 
and play? Thirdly, What happens with such friction in 
the long term? These are open questions that are not 
addressed in this study, but that might be worth 
exploring in further studies.  
Appropriation for time management 
The appropriation of data for measuring productivity 
was also observed in my previous study with public 
displays, discussed in Chapter 4 (Cercos & Mueller 
2013). In Watch your Steps people associated long 
periods of sitting with productivity, whereas in Dyna 
players saw a change in height as a reminder that the 
meeting should finish. In the first case, the 
appropriation went in the opposite direction of the 
change that I want to create: fewer steps mean more 
productivity. In the case of Dyna, the appropriation did 
not go in the opposite direction: as meetings are often 
static (i.e. they do not involve movement), finishing 
meetings on time may result in more walking activity. 
Contrasting alternatives is more powerful than 
always suggesting the same   
I found that some players wanted to keep Dyna always 
in standing mode: this is interesting as it challenges the 
assumption (or in social practice terms, shared 
meanings) of meeting tables as objects which must 
always afford sitting. Does it make more sense to just 
replace Dyna with a static standing table? Does Dyna 
provide a better alternative?  
I found that the highest and lowest levels of activity 
can create uncomfortable outcomes for the table’s 
users. Although it was an option to limit the lowest and 
highest positions, I explicitly decided to enable these 
extreme positions as a way of showing contrasting 
extreme behaviours. As we are aiming to affect social 
practices, such disruptions play a relevant role in 
interfering with current ways of being in our everyday 
environments. As Heidegger notes through the notion 
of breakdowns (Heidegger 1962), the tool stops being 
transparent when it fails. When a breakdown occurs, 
“new modes of encountering emerge and new ways of 
being encountered are revealed” (Dreyfus 1991, p.70). 
In the case of objects that suggest sitting, like chairs, 
tables, personal computers, etc., that transparency is a 
relevant influence as we often do not think about how 
the chair and the table are affecting us. The same 
happens with the defaults: I observed that users 
Figure 22. Players trying to use Dyna in an uncomfortable 
position.
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accepted them without thinking or having a critical 
view of such suggestions. But in the extreme cases of 
near-zero steps in average and very high activity levels, 
it is interesting to distinguish them as breakdowns with 
transformative power.  
Dynamic nudging 
Maybe one of the most interesting results of my 
observations is the fact that players tended to accept 
the default position of the table and did not take the 
time to change it. This resonates with the concept of 
nudging (Thaler & Sunstein 2008), which describes 
how the way in which options are presented and the 
defaults that are set exert a large influence on the 
resulting behaviour. We can observe Dyna as a 
dynamic form of nudging which adapts the 
recommendations to the circumstances that the self-
quantification data reflect. 
This works also as a possible reinforcement of 
sedentary practices; tables already afford sitting, and a 
table that changes its height and suggests a lower 
position may contribute to facilitating sitting meetings. 
This can be seen as a contradiction of my original aims 
with this table and encourages us to think about how 
we can embed self-monitoring walking data into 
sedentary objects without reinforcing sedentary 
practices.  
Rich sense-making is not addressed with only one 
dimension 
I found that some of the players did not understand at 
times why the table was at a certain position. This may 
be related to the limitations of using a meeting table as 
a display of a group’s activity. From this finding, I 
envision that an ecology of objects reflecting different 
aspects of self-monitoring might make more sense and 
be less confusing. The table should only focus on one 
aspect, for instance sitting time. Other objects, like 
chairs, walls, plants and so on, may focus on other 
aspects like long-term behaviour, individual sitting time 
(here chairs are the obvious next step) and so on. 
5.6.1 Design tensions 
I summarise my insights by describing four design 
tensions that emerged from my design. 
Tension 1: between everyday object as a display 
and as an element of practice 
Everyday objects such as tables already have a 
predominant function as well as an embedded 
morality, i.e., a position of what is good and bad 
(Verbeek 2011). It is likely that these objects will not 
have great display capabilities, as they were not 
originally designed to display data. However, that 
should not limit us in exploring that dimension, as 
these objects could display data in ways that are 
meaningful to the practices. Think, for instance, of an 
umbrella whose colour shows whether it is going to 
rain or not. Such augmented umbrella would be used 
as a meaningful display without changing its 
functionality as an umbrella. But it is also relevant to 
understand how these objects affect practices beyond 
the possible interpretations or meanings. A table that 
doubles in height no longer affording sitting, so the 
way in which the object was originally designed has 
changed. Here the object is not focused on 
representing data that needs to be interpreted by a 
human, but is changing its own affordances and, 
therefore, affecting the related practices.  
Tension 2: between practicality and breaking 
transparent uses of our everyday environment  
Players complained about the uncomfortable heights 
that the table adopted. It has become clear that the 
transparency of everyday objects (which we can relate 
to something ‘comfortable’) can be affected by the 
perturbations of data embodiment. These disruptions 
reduce the practicality and comfort, but increase the 
extent to which the object is noticeable and tells us 
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something. Such noticeability can be seen as an 
increment in how salient an object is. The tension here 
is, therefore, related to how we create objects that do 
not require our attention but can still capture it when 
necessary by disrupting regular experience. 
Tension 3: between forgetting and persistence  
This tension is related to the extent to which the 
system remembers historical data. In Dyna, I chose to 
consider only the previous 60 minutes of activity. Such 
a setting enabled a fresh start, which gave players the 
chance to recover if they had been sitting for a long 
period. In contrast, designers can choose to consider 
historical data, including a larger time interval (e.g., 
daily or weekly averages). The first type of setting 
perhaps has less transformative power in terms of how 
it affects practices in the long term, as its 
consequences disappear sooner. However, a setting 
that only considers recent activity provides a stronger 
link between action and effect. Therefore, the level of 
persistence of the data is a tension that needs to be 
considered when designing embodied interactions 
with self-quantification data.  
Tension 4: between forgiving and reinforcing 
Similar to the last tension, systems like the Dyna can be 
less or more forgiving in terms of how they deal with 
players’ behaviours. In Dyna, players can override the 
suggested height even if the group has been very 
sedentary throughout a day; sitting meetings are still a 
possibility. Leaving this decision to the users, in my 
view, increases agency but transforms the interaction 
into something less intense. If the consequences 
cannot be overridden, the interaction is more intense 
(there are actual consequences that cannot be 
avoided) but gives less agency to the players. Here 
again, it depends on the purpose of the design and the 
values that drive it: a more paternalistic approach 
would prefer reinforcements, whereas a nudging 
approach would draw on the power of defaults with 
no concern for the long-term consequences of 
behaviours. 
5.7 Conclusion 
In this chapter I have presented the design process and 
a short study of Dyna, a table whose height is coupled 
to the self-monitoring data of a group of players. This 
project shows the opportunities to use everyday 
objects like a table to make tangible self-quantification 
data in a way that is related to sedentary practices.  
Based on this proof-of-concept, it is possible to 
envision a future in which several everyday objects are 
coupled to different aspects that are relevant to our 
lives, like energy consumption, physical activity and 
stress levels, among others. Such coupling with the 
environment could enact forms of self-quantification 
that are effective without the need for understanding 
numbers or graphs. 
The small number of participants and the short period 
of observation are limitations of the user study 
described here. However, the design insights from the 
design and the user study can serve as an inspiring 
starting point for designers who aim to design 
couplings between self-quantification data and 
everyday objects. 
After presenting my findings, I purposed four design 
tensions when designing self-monitoring couplings 
with everyday objects: objects as displays/elements of 
practice; forgiving versus reinforcement; forgetting 
versus persistence; and practicality versus the power of 
breakdowns.  
This project gives an example of how we can integrate 
play into everyday social practices (related to Research 
Questions 1 and 2). By embodying self-quantification 
data into the elements that surround us in our 
everyday lives, we enable play interactions with those 
elements that affect the social practices we perform. 
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However, it is not clear from this study how a system 
like Dyna transforms sedentary practices; does it 
trigger more physical activity? How would the 
interaction with Dyna go in the long term? These are 
open questions that may inform future work. 
More than a finalised project, this design works more 
like a provocation and speculative artefact that help us 
imagine possible futures in which things around us are 
connected with us. In the next chapter, I introduce 
Dataponics, a design project that tries to overcome the 
limitations of non-autonomous objects (such as a table 
or a chair) to create affective bonds and meaningful 
representations of data about the self.  
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Chapter 6                       
Dataponics 
Coupling self-quantifiers with quantified vegetal bodies
6.1 Introduction 
So far, I have described two different approaches to 
modulating self-quantification data with the purpose of 
transforming sedentary practices. Firstly, in Watch your 
Steps a group’s self-quantification data was publicly 
displayed using a situated screen. Later, in Dyna the 
same data was modulated as movements of a height-
adjustable table. These projects show the possibilities 
of producing social and tangible modulations of self-
quantification data using everyday contexts (such as an 
office space) and objects (such as a meeting table) 
which constitute part of the infrastructures that enable 
social practices related to sitting.      
In this chapter, I take a different approach. I explore 
ways in which self-quantification could have 
significance beyond the self. In Dataponics: Human–
Vegetal Play I modulate self-quantification data as a 
structural coupling to a living plant (see Biology of 
cognition in section 2.2.3) by linking walking activity 
with the water, light and sound that a plant receives. I 
do this as a way of drawing on the relatedness 
between humans and other living species that 
participate in the broader context in which social 
practices are reproduced. In doing this, my aim is to 
explore the transformative potential of the 
relationships between people and non-human bodies 
(like plants), transcending the context of the workspace 
which was explored in previous projects Watch your 
Steps and Dyna. 
In section 6.2 I discuss the opportunities to enable a 
digital coupling between humans and non-human, 
living agents, adding complexity (mainly in the forms of 
ambiguity and uncertainty) to the otherwise individual 
self-quantification systems. In 6.3 I describe and 
discuss my design process to build a prototype of a 
system using this approach. Finally, in 6.4 I describe the 
results and insights from a field study using the system 
I developed, which was placed in the house of three 
participants. 
6.2  Opportunities for self-
quantification beyond the 
self 
In 2000 Marco Evarestti, a Danish-Chilean artist, had a 
very polemic art installation called Helena & El 
Pescador (Helena and the Fisherman) (Bomsdorf 2013), 
which consisted of ten kitchen blenders connected to 
electricity. He placed living goldfish in the water inside 
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each blender. The spectators had to decide whether to 
kill the fish by pressing the ‘on’ button. Some 
organisations were furious and tried to stop the 
installation, suing the galleries and preventing access 
to them. They claimed that Evarestti’s artefacts were 
offensive and cruel, but it was all about a potential 
scenario as nobody pressed the ‘on’ buttons. This 
example shows us how the disposition of elements 
and contexts influence people’s affective responses to 
other species which would not otherwise generate a 
similar reaction. Spectators were provoked. If we were 
to relate this installation to self-quantification systems, 
it shows an opportunity to engage with other forms of 
living as a way of addressing people’s indifference and 
disengagement. It provokes a new engagement with 
certain relevant issues, where those issues are viewed 
from a radically different perspective. Interpreting this 
opportunity from an anthropocentric stance could be 
a dangerous path, though, as it might leave room for 
utilitarian uses of other living species for human 
purposes without consideration of their wellbeing. By 
engaging and empathising with other species, it is 
possible to create a space of provocation and 
reflection which, in turn, may help break down apathy. 
As a way of exploring this design space, I started 
thinking of alternative designs involving other living 
agents. As a way of dealing with some of the 
complexities and ethical concerns related to this 
design space, I started exploring how plants (instead of 
animals) might be included as part of a project that 
could add a radically different perspective to my 
designs.  
Plants, like humans and animals, are able to move as 
they grow and react to light, yet sometimes such 
movements are difficult to perceive. The different 
rhythms of plants add a feature that has not been 
explored in modern self-quantification systems: slow 
interactions like the ones afforded by delayed feedback 
and, more generally, in slow design (Hallnäs & 
Redström 2001). 
Self-quantification systems have a focus on numbers 
and certainty; both are intimately related to the core 
promise of self-quantification: an objective perspective 
over our bodies and what we do with them. Here the 
opportunity is to move to more ludic forms of self-
quantification, exploiting design resources like 
ambiguity and uncertainty. Involving vegetal species 
helps to explore these two design resources from a 
new perspective: how uncertain is a plant? How do we 
know what is going on with a plant? Plants provide an 
epistemic barrier that, instead of a problem, is a design 
resource; we cannot understand how a plant feels or 
perceives the world, but still, as a living organism it has 
intrinsic autonomy. In sum, here the opportunity is to 
explore human–vegetal play using Gaver’s Ludic 
Design approach (described in section 1.2), with self-
quantification to provide me with a way to enable a 
human–vegetal coupling. 
By definition, the self in self-quantification usually 
refers to only human selves. It is interesting, therefore, 
to understand mow that distinction might extend to 
non-human agents, for instance, plants becoming self-
quantified. This approach enabled me to explore self-
quantification from unfamiliar perspectives. What does 
a plant know about us after being coupled with us for a 
while? In this light, the non-human players become 
“epistemic objects” which “embody what one does not 
yet know” (Miettinen & Virkkunen 2005, p.438). In my 
example, the plant—as a sentient organism (Chamovitz 
2012, p.6)—becomes ‘aware’ of the routines and 
rhythms of the human player’s life. 
Another issue of self-quantification systems is their 
rigidness; once they are designed, these systems do 
not transform themselves as their users change. This 
lack of change contrasts with the promise of change 
that self-quantification offers. Moreover, this limitation 
may cause a lack of long-term engagement with self-
quantification. Is it possible to design self-
quantification systems that grow and evolve in relation 
to the interactions with self-quantifiers? This question 
is part of the opportunities that can be explored by 
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introducing autonomous agents like plants, which 
grow and change in unpredictable ways from the 
design perspective. Such unpredictable evolution 
diminishes certainty from both the user’s and 
designer’s perspectives, adding ambiguity to the 
otherwise certain self-quantification data. 
In sum, I detected the following opportunities: 
1. Self-quantification beyond a human self: 
involving other non-human living species in 
self-quantification systems, extending the 
limited understanding of what a self is within 
such systems 
2. Slow self-quantification: embracing a slow 
design approach in self-quantification 
systems 
3. Involving non-human agents with 
autonomy: exploring the ambiguity and 
uncertainty of involving autonomous agents 
in the design of self-quantification systems 
4. Affective bonds through self-quantification: 
exploring how long-term relations and affect 
can be enacted through self-quantification. 
In order to explore these opportunities, I designed a 
system that creates unfamiliar, digitally enabled 
couplings between two quantified bodies: a human 
and a plant. 
6.3 The design of Dataponics: 
Human–Vegetal Play 
6.3.1 First steps 
My first step towards designing my system was to plant 
different kind of seeds and seedlings. In Figure 23, 
chives, mustard, mint, peas, chilli, and peppermint 
seeds have been placed into small indoor pots with 
artificial light. I did this to understand the growing 
process and care required by the different species. I 
planted both indoor (with artificial light) and outdoor 
settings.  
From this first stage, I started facing the difficulties of 
involving living agents in the design, which lasted for 
the whole design process. For instance, I encountered 
several challenges with indoor gardening, where 
someone needs to constantly provide several of the 
resources that a plant needs, such as water and, in 
some cases, light. Possums and insects ate some of the 
plants outdoors. Also, after a good start, most of the 
plants quickly stopped growing.  
I was interested in understanding the complexities of 
growing plants indoors, where most of our sedentary 
practices happen. In order to move forward, my next 
stage was to try to provide water to a plant using digital 
data. Using a small water pump, I developed a system 
that added water drops to the soil every time I walked 
20 steps, while measuring the soil moisture with a 
sensor (Figure 24). The operation was wireless using a 
Figure 23. Early experiments with different plant species 
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Wi-Fi-enabled Arduino board and the same Fitbit 
devices from other projects.  
This proof-of-concept challenged some of the 
hypotheses from the ideation stage. For instance, I 
found that most of the potted plants only needed to be 
watered a couple of times a week. How could I design 
an interactive system that can sustain a clear coupling 
between the walking activity and the plant with only 
one or two watering events? On the other hand, the 
addition of a soil moisture sensor showed me a 
practical way in which a plant can become a quantified 
body as well, supporting the extension of self-
quantification beyond a human self. 
Other open questions from the proof-of-concept 
were: should the watering be hidden or visible? Are 
there any other elements that could be included other 
than water, light and nutrients? What are the most 
suitable species in order to balance resilience (i.e., the 
plant doesn’t die easily) and responsiveness (i.e., the 
plant reacts to the different stimuli)? 
6.3.2 Design decisions 
In order to move forward with the design, I defined 
some basic principles that served as a guide for more 
detailed decisions.  
Firstly, I embraced play as a “free movement within a 
more rigid structure” (Salen & Zimmerman 2004, 
p.304). This broad notion provided me with a 
framework that I continually used to assess whether 
what I was designing was play or not. For instance, I 
was able to frame this project as play from the 
beginning as it adds a structural coupling (the ‘more 
rigid structure’) while respecting and preserving the 
players’ autonomy (‘free movement’). If any design 
decision worked against autonomy, I would try to 
rework it to find a different path aligned with play. 
Figure 24. Proof of concept which added water drops based on Fitbit data 
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In order to illustrate how framing the interactions as 
play influenced my design decisions, think of two 
relevant scenarios. Firstly, think about what occurs if a 
player does not want to be coupled. Based on the idea 
of play that preserves players’ autonomy, I chose to 
enable a coupling that is voluntary from the human 
perspective; the human player needs to check in by 
pressing a button every day in order to enter the 
coupling. Secondly, extend the first scenario to the 
non-human player: what happens when the human 
player does not walk enough? Should the vegetal 
player die? Using the same principle, the coupling is 
conditional from the plant's perspective; the plant 
decouples if it is not receiving enough light or water. 
By embracing these design principles, none of the 
players are forced to participate in the coupling; the 
plant always gets what it needs to survive and thrive, 
and the human player can choose whether to be 
coupled or not. In other words, the interactions are not 
a matter of life or death, but rather an opportunity to 
affect, and be affected by, the other player. 
Besides preserving autonomy, the system’s design also 
aims to resignify the ‘reward and punishment’ 
approach based on positive or negative 
reinforcements. Providing water and light to a plant 
may be considered a form of reward, yet the effects 
are slowly embodied into the plant in a non-linear, 
uncertain way (i.e., it is difficult, if not impossible, to 
directly link the state of the plant to each particular 
action). This shifts the focus from an indirect form of 
reward and puts it onto the plant’s wellbeing. Just as in 
Helena and the Fisherman, empathising with other 
species provokes reflection and looking at things from 
a different perspective. The slowness of the process 
and the uniqueness of the effects also reframe the 
reward as such. Furthermore, the benefits of this 
complex reward go to the non-human player, which is 
also a way to avoid the “intensely individualistic focus 
of quantifying the self” (Lupton 2013), moving away 
from conceiving of the human as a self-interested 
agent that only pursues maximising their individual 
benefit.  
With these reflections in mind, I was able to make 
more detailed decisions, taking into account ways to 
preserve a plant’s life (conditional coupling) and a 
player’s autonomy (voluntary coupling) as part of the 
system’s design. Such a system also reframes individual 
sedentary actions; they now affect non-human living 
bodies in unpredictable ways, enabling new 
perspectives of analysis and reflection. 
  
Figure 25. A sketch of a hydroponic system showing different 
sensors and technical challenges 
Figure 26. An early prototype of a hydroponic system 
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Growing medium 
I developed a system to preserve plants in good 
conditions, supporting their growth. After evaluating 
different growing media, such as regular soil, 
aeroponics and aquaponics, I started experimenting 
with hydroponics, which is a popular approach to 
growing plants without using soil. This approach 
replaces soil as the roots’ growing medium with 
alternatives such as perlite, expanded clay, coconut 
fibre and rocks. As the hydroponic growing media do 
not contain the required minerals for plant growth, 
they need to be supplemented with water. This 
approach deals with some of the problems related to 
watering soil. For example, hydroponics enables more 
frequent watering events and can circulate the nutrient 
solution several times a day. 
However, hydroponics has its own challenges. For 
instance, it introduces the need to supply additional 
nutrients because of the lack of soil. This requires 
players to fill a tank with a nutrient solution rather than 
plain water. It also enables faster growth that may 
trigger diseases or problems for the plant sooner, such 
as fungal infections. Finally, in this setting plants are 
more dependent on the artificial watering system, as 
certain growing media (e.g., expanded clay) do not 
hold moisture like soil; soil acts as a buffer in case 
watering does not occur with the required frequency. 
For example, if the pump fails a hydroponic plant is 
under immediate stress; if it does not rain a non-
hydroponic plant can capture some moisture from soil. 
Watering method 
Among the different hydroponic settings, I chose the 
ebb-and-flow system, which is based on the 
recirculation and reuse of water to introduce oxygen 
into the system. This method consists of watering 
cycles in which the growing medium gets flooded but 
then water is immediately allowed to flow to the water 
tank. In this method discrete watering events (floods) 
are triggered, whereas in other settings (such as 
hydroponic systems in which roots are placed under 
water) there are no particular events to be triggered. In 
terms of design, this is crucial: if there are no events to 
be triggered, the possibility of modulating walking 
activity data into perturbations that affect the plant is 
reduced, eliminated or difficult to implement. 
After testing different shapes of hydroponic pots, I built 
one using an existing self-watering pot as it had a way 
of checking the water levels, good drainage and space 
for adding a pump and hoses. After designing and 
building the internal watering system, I tested it with 
different plant species, like strawberries, tomatoes, 
mint and chillies, keeping an observation diary and a 
growing log. Over nine months, I experimented with 
those species, trying different pump cycle durations, 
frequency of watering events, nutrient ratios, pH levels, 
natural and artificial light, and so forth. This long testing 
period allowed me to improve the internal watering 
system in order to avoid problems like water 
stagnation. 
Watering and light cycles 
As plants usually react slowly to different stimuli (i.e., it 
is difficult to perceive the movements of a plant 
growing, wilting or searching for light), I started using 
time-lapse video to make sense of these interventions. 
This method was very effective in showing me the 
slow variations in growth and movement of the plants 
as I changed the conditions mentioned above. In 
addition to the videos, I kept a growth diary for each 
plant, which allowed me to measure the impact of 
different conditions in the plants’ growth rates. 
Combined with online resources on hydroponics, 
these experiments resulted in a set of guidelines: 
• Trigger one watering cycle every hour when the 
sun or light is direct. At night, only one cycle 
every 3 hours or just one watering event after 
turning the lights off.  
• Hydroponics settings usually have 16 hours of 
light when they are in a normal growth stage 
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and 8 hours of no light. In the flowering stage, 
only 12 hours of light are needed. 
• A watering event needs to be long enough to 
enable the circulation of the water in the tank 
(250 ml) to avoid stagnation. With the pumps I 
was using and the size of the water tank, this 
happened after approximately 1 minute of 
operation. 
• According to the observed pH levels, water 
consumption and several information sources, 
the nutrient solution (consisting of water and 
added nutrients) can be used for no longer than 
two weeks. Ideally, it should be renewed every 
week in order to avoid fungus and other 
problems. 
It took almost a year to achieve a viable system, i.e., a 
system that kept the plants in good condition and 
allowed them to grow and flourish. This shows how 
the prototyping speed changes when introducing 
plants into the system in comparison to the other 
projects, which had radically shorter prototyping 
stages. Several plants died in the process for different 
reasons (e.g., fungus, parasites, lack or excess of 
nutrients and unknown reasons), which made the 
design process particularly frustrating and painful.  
Sensors 
In order to be able to adapt the watering cycles to 
humidity conditions and the plants’ growth, I added a 
moisture sensor. This sensor provided a measure of 
how wet the growing medium was near the roots, 
which allowed me to understand and control the 
watering cycles.  
As I wanted to introduce some balance between the 
human and the plant into the system, this sensor 
provided a way of framing the plant as a quantified 
body. The human player measured their number of 
steps and the plant measured its humidity. Both 
measurements related to one another: if the plant’s 
roots were humid enough, the plant grew and thrived; 
if the human player walked enough, that provided 
them with wellbeing. 
Perturbation channels 
In order to enact a structural coupling, channels of 
perturbation between the coupled bodies need to be 
in place (see Biology of cognition, section 2.2.3). In this 
case, the most direct perturbation channel for the plant 
was the water. But as this was an indoor plant, the light 
was also crucial. Therefore I included an indoor 
lighting system that provided the plant with the light 
frequencies that are optimised for photosynthesis and 
low consumption of energy.  
Although there is a popular belief of the benefits of 
playing music and singing for plant wellbeing, there is 
no evidence of such effects (Chamovitz 2012). 
However, I drew on that myth and added a sound 
system to the design to enable listening to music. With 
the Arduino’s capabilities and a wireless internet 
connection, I was able to play any internet radio 
station to provide sound and music.  
Mappings 
Another key decision was defining the way in which 
the sensed data (from the Fitbit, soil moisture, system 
logs and so forth) would trigger perturbations (water, 
light and sound) which affected both human and non-
human players. As I embraced conditional coupling, 
such mappings between sensed data and subsequent 
effects needed to also consider maintaining the plant’s 
viability (i.e., providing amounts of water and light that 
allowed its development, growth and flourishing).  
A summary of the couplings is shown in Figure 27. 
Watering cycle duration was related to the amount of 
physically active time since the previous watering 
event. For instance, if a user walked for 8 minutes after 
the last watering event, the pump would run for the 
same amount of time. In general, in my 
experimentation with hydroponics I found that a 
longer operation of the pump was better, as it added 
oxygen to the water and moisture to the roots. 
However, a period with no water flow was also 
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necessary to allow the roots to absorb only the water 
they needed and avoid root rot. That is why I limited 
the pump cycle to 20 minutes as a maximum. After 
midnight and until 7 am, the plant would not receive 
any water, based on my findings from exploring 
different watering and light cycles (described earlier in 
this section).  
On the other hand, the light operation was related to 
the breaks of sedentary time. For instance, having 
more than zero steps at any time was enough to 
instantly turn on the light for 30 minutes. Such 
behaviour was limited to a maximum of 16 hours of 
light in a day, allowing the plant to get at least 8 hours 
a day with no light at night. 
Finally, I mapped the music to the growing medium’s 
moisture level. I did this by configuring 15 internet 
radio stations with a diversity of music styles. Each 
station was related to a moisture level. To create a 
mapping that could be interpreted, I chose the 
following relationship: the higher the moisture level, 
the more recent the music. I could implement such a 
relationship due to the many alternatives available in 
music for the different decades. For instance, if the 
medium was completely dry, nature sounds and 
classical music were played. In contrast, if the medium 
was fully moist (recently watered), modern music was 
played. Blues and jazz from the 30s, 40s and 50s, and 
hits from the 60s, 70s, 80s and 90s, among others, 
were played for the moisture states in between. 
Figure 27. Summary of the couplings between human and plant. Note that each perturbation affects both players in different ways 
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Manual controls 
As a hydroponic growing plant is more dependent on 
the system, this created an issue related to the effects 
on the plant of likely events such as forgetting to use 
the Fitbit device, a low Fitbit battery and so on. I 
decided to add an on/off switch to choose whether 
watering cycles and growing light were connected to 
the self-quantification data. In this way, the ‘off’ 
position provided the plant with good conditions for its 
growth and development. The ‘on’ position provided 
watering cycles that were coupled with the walking 
data. This is similar to the opt-in method described for 
Dyna 2.0 in section 5.5. I finally added a volume knob 
in order to enable manual control of the music 
volume.  
6.3.3 Prototyping process 
It took several months to achieve a fully working 
prototype which was reliable enough to operate as a 
standalone device over the length of a user study. That 
process consisted mainly of designing, building, testing 
and integrating the different components of the 
system. I mixed different methods for the construction 
of the prototype. For instance, some of the 
components were objects that had already been built. 
The wooden base was a plant pot which I appropriated 
for housing the electronics. I fabricated the lamp using 
a 3D printer using a design that was developed by a 
colleague and myself.     
Once I had built a device that provided the plant with 
light and water according to someone’s Fitbit’s data, I 
started testing it at our research lab. During this 
process, the system was linked to my personal physical 
activity. With the help of another researcher, we 
observed and discussed the system’s behaviour in an 
informal way over a period of five weeks.  
I found several issues that I had not been able to 
foresee earlier in the development. For instance, there 
were technical issues related to the reliability of the 
Linux component (which managed the wireless 
connectivity and sound system, among other 
components) of the Arduino Yun. The first workaround 
to this problem was to auto-reset the device every day 
at midnight. But this approach was not effective in the 
case in which the system had an issue during the daily 
cycle of operation; in that case, I was not able to 
remotely connect to the system and therefore a 
manual physical reset on-site was needed. After 
exploring different solutions, I ended up adding a 
mechanical timer that disconnected the electricity to 
the device every day at midnight and reconnected it at 
6 am. With this workaround, the worst case scenario 
was that if the system locked up in the middle of its 
daily operation, it would automatically recover with the 
next hard reboot at 6 am. This issue shows how 
connected digital prototypes often require some non-
digital components in order to make them reliable and 
enable their operation in real contexts of use.   
6.3.4 Final design 
In Dataponics: Human–Vegetal Play (Figure 28), I map 
human physical activity measured by a Fitbit to the 
amount of light and water fed to a potted plant. Also, 
the system measures the moisture in the growing 
hydroponic medium (in this case, expanded clay) that 
surrounds the plant’s roots and plays different internet 
radio stations accordingly.  
6.4 Study 
I conducted a qualitative study with three participants 
located in Melbourne, Australia, over the course of 
eight weeks. The aim of the study was to understand 
what happens with the Dataponics prototype in 
practice. The small number of participants was related 
to the need for a deeper account of the experience of 
using one of the prototypes during the study. Because 
of the intensive work that was required to build each 
prototype, it was also not feasible to build a larger 
number of prototypes. 
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I gave a Fitbit device to each of the participants 
beforehand as a way to help them become familiar 
with its operation (synchronisation, charging process 
and so forth) before the deployment of my prototype 
in their houses. This period of three weeks allowed me 
to observe a coupled plant using real data from 
participants and detect operation issues before testing 
the prototypes in the wild. During this period I found 
that the data synchronisation rate that I had assumed in 
the design process (more than 2 syncs per hour, based 
on my own synchronisation rate during the design), 
was too optimistic for real-life Fitbit usage, at least in 
the case of the three participants of the study. 
Therefore, I calibrated the parameters that governed 
the prototypes’ operation accordingly in order to 
reflect a lower synchronisation rate. 
6.4.1 Participants 
The three participants were recruited by asking 
colleagues and friends if they knew people who might 
be willing to participate in the study. I wanted them to 
contribute unfamiliar perspectives from the ones I had 
considered in the design process, so I tried to include 
different backgrounds and ages. After shortlisting some 
potential participants, the final three volunteers were 
chosen based on their willingness to contribute time 
and effort to the study, and how interesting their 
Figure 28. The final Dataponics prototype 
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particular perspective seemed to be to me, the 
researcher.  
I will now provide profiles using pseudonyms in order 
to describe the participants and their individual 
accounts of their experience without compromising 
their privacy, 
Vicky (aged 68, retired nurse) had two sons and two 
grandchildren. She lived alone in a big house in the 
Melbourne suburbs after her husband passed away a 
few years before. She had no major health issues, but 
as a retired nurse, was very concerned about 
remaining healthy. She enjoyed activities like studying 
the Bible and gardening, in particular, growing orchids. 
Besides some frequent walking activity (2–3 times a 
week), she was also part of a bushwalking club that 
organised long group walks.  
Pam (aged 41, lawyer, currently doing master’s studies) 
used to work remotely at home, spending several 
hours in front of the computer. Now that she was a 
university student again, she engaged in frequent 
physical activity, like biking and walking. However, she 
still spent long periods of inactivity, mostly at the end 
of the semester, dealing with final assignments and 
studying for exams. She lived in a flat with her partner, 
after several years of relationship.   
Amanda (aged 45, worked at a zoo) had a serious injury 
in an accident a few years before. She was still 
recovering from the effects after several operations, 
medication and therapy. She loved to spend her time 
taking care of her cats, dogs and plants. She lived with 
her partner and during this research study spent most 
of her time alone at home, recovering and doing some 
part-time work a couple of days a week.  
6.4.2 Methods 
As discussed in 3.5.3, in this study I engaged with 
cultural probes (W. Gaver et al. 2004), which use 
ethnographic-inspired techniques to enable new 
conversations and insights based on the collected 
data, which is often ambiguous and incomplete. More 
than confirming or rejecting a hypothesis, I wanted to 
be surprised and inspired by the pieces that 
participants created with the materials provided in 
each cultural probe. Moreover, most of the probes’ 
activities and materials aimed to enable the participants 
to experiment in a playful way. 
The idea was to obtain a deeper understanding of the 
individual’s engagement with the prototype, while 
detecting changes in, or adaptation to, existing 
practices elicited by the new coupling. I did this 
without aiming for generalisation to a wider 
population, focusing on design insights from each 
particular case as a whole (W. Gaver et al. 2004). 
I also conducted three semi-structured interviews with 
each participant (1.5 hours each) at the start, halfway 
through and at the end of the seven weeks. I 
communicated with the participants via text message 
and email throughout the study, and after the study 
period ended as well.  
I transcribed the interviews and analysed quotes that 
might have value for this research. Here I use the term  
‘value’ very loosely; it might be an inspiration for me as 
a designer, an insight, usage facts or participants’ 
stories. I finally created clusters of common themes 
using affinity mapping based on the quotes and other 
pieces of data from the cultural probes and interviews.  
6.4.3 Results and findings 
Only two participants engaged with the cultural 
probes, providing results for analysis in the form of 
drawings, written statements, growing logs and so 
forth. Unfortunately, the participant who did not follow 
the probe’s activities argued that they often required 
significant effort, which she was not able to give. 
However, the three interviews with each participant 
allowed me to get an account of what had happened 
during the study. 
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At the beginning, I introduced the principles that 
governed the operation and interaction with the 
artefact, with general sentences like ‘the number of 
steps will influence the light and the watering system’ 
without giving details about how it worked in practice 
unless the participant asked. This resulted in different 
understandings of how the system worked. For 
instance, its operation was a mystery to Vicky from the 
very beginning. When answering “Explain (or imagine) 
how does the whole system work”, she wrote down 
during the first week of study: “Still not sure how this all 
works together with Fitbit, computer”. On the other 
hand, following the same probe activity Pam was able 
to draw a detailed diagram explaining the system’s 
operation (Figure 29). On her first day of study, 
Amanda published a picture of her Dataponics. After a 
couple of minutes, a friend commented: “How will u 
care for it from Thailand?”  Amanda answered: “Believe 
it or not... it will still be cared for via my Fitbit & our 
friend the internet...it’s a hydroponic system or it gives 
itself water & light” (Figure 30). 
In general, participants perceived the plant as 
something positive and enjoyable. For instance, Vicky 
and Amanda enjoyed the music from the internet 
radios, even missing it when it was not being played: 
“Miss the music, it was soothing” (Vicky). “It gives me an 
excuse to make noise” (Amanda). But that same “noise” 
was sometimes disruptive to the other householders. 
Pam, for instance, had to move the artefact from her 
desk to the bathroom because “my partner got 
distracted by the pump’s noise”. In her diary she added: 
“It seems a little artificial and noisy compared to the 
silence of plants”. Amanda had a similar problem: “my 
partner could not work with it”. Similarly, Vicky often 
referred in her diary to the watering pump as the “noisy 
buzzing”. Other conflicts were related to the unfamiliar 
appearance of the artefact and the study itself, which 
created some tension with Vicky’s family. As she wrote 
Figure 30. Amanda posted on Facebook a picture and a short 
explanation of the study 
Figure 29. A diagram explaining how the system worked 
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in her diary: “Oh dear, family not happy I’ve given Wi-Fi 
out”. She also wrote about members of her family: 
“They need to know it’s not an alien”. When asked to 
introduce the plant to a friend, she later answered the 
following: “This is happening most days! ... Some 
suggest it to be some ‘spy’ apparatus ... others think the 
household is going ‘a little strange’ to say the least.” 
Pam also drew a picture of her plant and wrote in her 
diary (Figure 31): ”At night it [the blue light] has a surreal 
feel. Will it really help the chilli?”  These quotes show 
how placing the artefact in everyday settings elicited 
new conversations and uncertainty, mainly because of 
how unfamiliar it was in comparison with other 
everyday objects.  
In terms of their relationship with the plant and the 
artefact, each participant documented a different level 
of engagement. For instance, Vicky felt responsibility 
for it (“I’m it’s carer, [but] actually it looks after itself 
quite well”) and, most of days, completed the growth 
log sheet (Figure 32). Pam described her relationship 
with words such as: ‘affection’, ‘curiosity’, 
‘indifference’, ‘annoyance’, ‘forgetfulness’, ‘calm’ and 
‘commitment’ (Figure 33, top). Talking more generally 
about her relationship with plants, she also wrote: “It 
feels bad to cut a leaf from it” and “I really love them. I 
just don’t look after them that much. I feel bad 
especially if it’s one I really liked”. These contrasting 
feelings of affection and indifference, caring for and 
forgetting it, calmness and annoyance, give us a clue 
about the complexity of designing digital interactions 
with living species which require some level of care; 
when introducing new things to be worried about, the 
same feelings of guilt, anxiety and fear that are 
observed in self-quantifiers may become more visible 
and stronger, especially if we are talking about living 
actors.  
The artefact also gave an excuse to access routines 
and practices from a different perspective. When 
writing a short story about a day in the life of the plant, 
Pam noted the monotony of daily routines and how 
computers are part of our sitting practices as 
something that would be “strange” for a plant: 
This is a very short story because I am a small plant. Life 
is at times monotonous. There is activity all around me 
but it seems to all be the same, Computer, work, get 
up, come back with coffee, Computer, work, get up, 
come back with tea. These humans live strange lives. I 
on the other hand live a relaxed life. I wake up, I drink 
(and I am fed), sit back, sun bath, get fed some more, sit 
back, listen to the radio. Get some more light. Maybe 
tomorrow I will give some attention to my chillies. Get 
them a little bit bigger. But for now ... food, drink, light, 
sleep. This is life. 
Meanings related to our lifestyles and the world we live 
in also appeared in some participants’ reflections. For 
instance, in a note in her diary Pam wrote the 
following: “The plant has grown but not in height—it 
has grown in girth! Maybe a metaphor for our modern 
mechanical world: we are growing in girth because of 
our unnatural, built-up environment”. This quote 
Figure 31. A diary note wondering whether the growing lights would actually be good 
for a chili plant 
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highlights how shared meanings and their links (i.e., 
human obesity’s link to artificial environments rather 
than human habits or lack of awareness) might be 
shaped and reframed by ambiguous representations of 
data through autonomous living agents.  
Interestingly, some participants attached to the plant 
some level of awareness, as if was a sort of character. 
For instance, Amanda explained how the plant 
observed morning routines as a “mess”: “the plant 
wonders about the mess in the mornings”. Vicky tried 
to make the plant happy (“top up, water down a little, 
spray. See if that makes that plant happy”), thought 
about names for it (“I’m looking for a name to give my 
plant”) and was worried of leaving the plant alone 
(“plant will be lonely for a few days. Must recharge 
Fitbit before leaving”). Pam, when asked to play with 
the plant, answered: “I tickled the leaves. It didn’t 
laugh” (Figure 33, bottom). Perhaps this augmented 
engagement with the plants, giving them character 
and personality, was induced by the design and the 
study (e.g., playing with the plant was part of the 
activities suggested in the cultural probe). However, 
the coupling may have contributed to highlighting the 
perceived sentient capabilities of the plant and 
attaching attributes to it that are often associated with 
pets or humans, like happiness, names and so on.  
In terms of the interaction with the artefact’s controls 
(i.e., using the knobs and buttons), Pam thought that 
the voluntary coupling “doesn’t add much. It became a 
routine”. Does it make sense to be pressing a button 
every day in order to make the coupling active? The 
voluntary coupling feature also triggered interesting 
actions, like when Pam’s partner pressed the button for 
her: “I coupled it for you, she said”. This shows that 
features like the voluntary coupling might also open 
possibilities for play with others by drawing in forces 
against automation.  
The cultural probes also provided outputs that were 
not necessarily related to the interaction with 
Dataponics. For instance, in terms of her current 
Figure 32. A participant’s plant growth log sheet 
Figure 33. Participants documented the probe activities using flash cards 
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sedentary practices, Vicky showed how everyday 
commitments and duties interfered with her aims of 
being more active: “Not much activity in the house as 
I’m catching up on chores”. Other external events and 
contextual factors also influence and may become 
problematic even when motivation and action are 
present: “Went for a walk to get 1000 steps, but it was 
very hot outside so I didn’t finish” (Vicky). This raises a 
question about how designers can overcome and deal 
with interferences and barriers that are outside the 
interaction itself.  
6.5 Discussion 
After reviewing the design process and a qualitative 
study of Dataponics in the wild, I now discuss some of 
the contributions and implications of this work for 
design.  
6.5.1 Human–vegetal play design 
principles 
As a result of its design process, Dataponics embodies 
several design principles that put forward a novel 
perspective on self-quantification systems. In what 
follows, I summarise the main principles for human–
vegetal play design from this work, suggesting related 
open questions. 
Play design principle #1: conditional coupling 
This principle aims to ensure that the system operation 
has internal rules which always try to provide a suitable 
environment for both human and vegetal players, 
never a hostile one. It is ‘conditional’ as it assumes 
conditions under which the coupling gets broken if 
they endanger one of the player’s autonomy. For 
example, if the human player does not walk enough 
for several days, the system should be able to ensure 
the plant’s survival even when the coupling between 
walking and watering would provide less water than 
required by the plant. 
With this principle, we try to avoid the use of coupling 
with living bodies for utilitarian purposes. In this way, 
we avoid ‘sacrificing’ one of the bodies at play for self-
quantification’s or play’s sake. When describing the 
criteria for recognising animal play, Burghardt suggests 
that play requires players to be “adequately fed, 
healthy and free from stress” (Burghardt 2005, pp.68–
72). Would it be human–vegetal play if one of the 
players (the plant) was at risk? 
An open question related to this principle is whether 
providing a minimal amount of resources needed to 
preserve the plant’s life is ethical. In contrast, the 
system could automatically provide an ideal amount of 
resources at any time using the rules of the system, but 
in such a case the coupling would not exist; there 
would be no digital link between one player and the 
other, as the plant would always receive ideal amounts 
of water and light. This question is strongly related to 
the idea of plant wellbeing. Is it possible to define 
wellbeing from the plant’s perspective? Would a 
minimal amount of resources from the conditional 
coupling affect such wellbeing? 
Play design principle #2: voluntary coupling  
Another characteristic of play that I have embraced in 
this work is its voluntary nature. Burghardt (2005, 
pp.68–72) also includes it, among other characteristics, 
in his description of animal play, which must be: 
spontaneous, intentional, pleasurable and rewarding, 
among other conditions. Therefore, if we design a 
coupling that forces both players to participate 
regardless of their willingness or their wellbeing, it 
would be hard to define such interaction as play. If 
through conditional coupling we ensure that the 
plant’s participation does not affect its autonomy, 
through voluntary coupling we ensure the same for 
the human player. 
Voluntary coupling also has a forgiving dimension; if 
the human player knows that it is will be difficult to be 
active throughout a particular day or forgets to charge 
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the Fitbit, the voluntary coupling reduces the conflict 
that might arise from these ‘failures’. On the other 
hand, when someone freely chooses to join, they are 
exerting their autonomy. According to self-
determination theory (introduced in section 2.2.1), this 
should fuel motivation to participate. 
However, as observed in my study (section 6.4.3), the 
need to press a button to join the coupling every day 
became a meaningless routine. An open challenge for 
designers is, therefore, to create mechanisms of 
voluntary coupling that remain playful and surprising. 
Play design principle #3: reduced feedback 
Similarly to Dyna, in Dataponics I embraced a ‘less is 
more’ approach when designing the ways in which the 
system provided feedback to the players. In 
Dataponics, the feedback is limited to three feedback 
channels: observing the plant’s behaviour; listening to 
the music that Dataponics plays; and perceiving the 
pump and light operation. I did not include, for 
instance, any reference to the number of steps, nor 
any other form of display. 
The idea of limiting the feedback to the user is to 
encourage curiosity about what is happening with the 
plant. As observed in my study—in which some of the 
participants were not sure about the system effects on 
the plant—when self-quantification data is modulated 
as perturbations to a living body, it loses its certainty 
and becomes ambiguous. Rather than being a 
problem, this ambiguity becomes a powerful design 
resource that can fuel engagement and curiosity 
(Gaver, Beaver & Benford 2003). 
Play design principle #4: indirect triggers 
As shown in Figure 27, perturbation channels that are 
related to the vegetal player (such as water and light) 
also affect the human player. This provides us with an 
opportunity to use elements that are meant to affect 
the plant as ambient cues for the human player. For 
instance, the noise of the pump may work as a 
reminder to take a break and walk. Similarly, when the 
light turns off (meaning that the human player has not 
walked for more than 30 minutes), it may capture their 
attention, prompting them to stand up and walk. In 
other words, although water and light are supposed to 
only affect the plant, their operations may be also 
perceived by the human, creating opportunities to 
introduce triggers that affect sedentary practices 
without requiring full attention in order to be 
perceived. The plant provides a good excuse to add 
walking prompts to everyday life that would not be 
otherwise considered.  
We can go further and, for instance, turn the light on 
even when the plant has enough light; in other words, 
we could turn the light on (or play music) as a subtle 
way to trigger a break in sedentary practices with the 
excuse of aiding the plant. This example shows that, 
even when the human player has not voluntarily joined 
the coupling, there are still opportunities to affect 
social practices through ambient feedback. 
However, the operations of the artefact, particularly 
the pump and the light, were often perceived by the 
participants as a disruption to regular activities. This 
shows the challenge of triggering changes in 
behaviour without being too disruptive. 
6.5.2 Design discussion 
I now analyse some of the implications of designing 
human–vegetal play in relation to other self-
quantification systems.  
Metaphors and consequences 
There is an evident metaphor in affecting a plant to 
represent someone’s bodily movement: ‘movement’ as 
‘life’. It is important to note at this point that this simple 
idea assumes that the coupling positively reinforces all 
the walking activity of the player. We could, rather, 
take a different approach; we could, for instance, 
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reduce the amounts of water and light when more 
activity is sensed. What is the metaphor in that 
instance? 
When we consider not just virtual representations of 
living bodies, we can go beyond the idea of metaphor, 
which, although still important, is not sufficient to 
explain what is at play in that interaction. 
Firstly, the real plant enables interactions that have 
irreversible consequences. What occurs to the plant 
becomes part of its history as a living organism, 
reflected in structural changes. When we think about 
examples of digital representations of plants (such as 
Ubifit Garden; (Consolvo, Klasnja, et al. 2008)), there 
are ways to reverse the consequences; there is always 
the possibility of resetting and a fresh start.  
On the other hand, plants already represent a widely 
used metaphor for wellbeing and better lives. Some 
examples of this are the growing flowers that some 
Fitbit devices show to reflect users’ recent activity. 
Another example is Ubifit Garden, which as noted 
earlier displays a virtual garden with a quantity of 
flowers informed by the user’s activity (Consolvo, 
Klasnja, et al. 2008). By involving a plant as an active 
participant, it is possible to go beyond the metaphor 
but still draw in common associations between plants 
and wellbeing. 
Slow design: bringing to the present the long-term 
effects of behaviour in a slow way 
Throughout the design process, I had to study the 
ways in which the plants changed in relation to 
different external conditions. My strategy was to shoot 
time-lapse videos in which a picture was taken every 
30 seconds (Figure 34). After a long period (usually 
between 12 and 48 hours) I made a short video by 
placing each picture as a video frame. The resulting 
videos show how the plants wilted, moved, changed 
posture and so forth according to different system 
settings.  
This method could be extended to long-term 
behaviour change. If we are able to embody long-term 
behaviours in a plant through the addition of small 
actions which have no perceptible benefits (e.g., 
walking a couple of steps), then it is possible to make 
the effects of those small behaviours visible.  
In some ways, Dataponics works similarly. After some 
time engaging with it, the plant shows a projection of 
the participant’s health based on their recent activity. If 
they have had a physically active week, the plant will 
slowly reflect the effects of such behaviour. Yet it is just 
like looking at a plant after watering it: it is not possible 
to see major effects at once. In this sense, Dataponics 
is similar to other explorations of slow technology, 
such as Photobox (Odom et al. 2012) and JuicyMo 
(Grosse-Hering et al. 2013).. 
Figure 34. I used time-lapse videos to understand how the plants changed in relation 
to each system setting 
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Dataponics offers a mix between bringing into the 
present the long-term effects of our behaviour (like 
time-lapse videos) but in a slow way (the effects take 
some time to be perceptible). Such a mix offers 
opportunities to experience self-quantification from a 
critical perspective.  
Critical design: a bit familiar, a bit unfamiliar 
A survey of applications and research projects related 
to self-monitoring reveals the designers’ focus on 
values like efficiency, competition, control, 
connectedness, certainty, incentives and self-
management. This is, in my view, surprising given how 
intimate and personal self-monitoring is. Corporate 
forces invest and expand certain technologies and 
approaches that are functional to their productive aims 
(e.g., increasing control, reducing costs, increasing 
benefits). As a result, these new technologies are 
appropriated into other domains of people’s lives. We 
can find examples of such appropriation in 
technologies like the internet, email and mobile 
phones; they all were developed and exploited 
primarily in corporate environments and then 
extended with little change into our personal lives. 
Such appropriation may explain why these types of 
values have extended their influence into our intimate 
space. 
Self-quantification technologies represent another 
example of the same phenomenon. Even the concepts 
of quantify-self and activity tracking, and particularly 
the elements that are used to develop these, evoke a 
corporate language of numbers, graphs, control, 
competition and improvement with the purpose of 
maximising benefits and reducing costs from our 
current behaviours. Therefore, it is not surprising that 
some authors relate self-quantification to 
neoliberalism (Till 2014). Bogost (2014) suggests 
something similar in the context of gamification: in 
saying “gamification is bullshit”, he critiques the non-
reflective, utilitarian use of games ideas for all kinds of 
marketing purposes. 
From this perspective, the way I have developed 
human–vegetal play tries to encourage a critical view 
of these trends by applying a different set of values. 
First of all, I argue that by embodying self-
quantification data as perturbations to an autonomous 
organism, ambiguity and uncertainty are core 
attributes of the interaction. Moreover, I have tried to 
design an interaction that is not ruled by the cost–
benefit equation. Such an approach contrasts with the 
promise of ‘objective truth’ that self-quantification 
systems offer without acknowledging the obvious 
limitations of transforming complex phenomena into 
numbers.  
The mix between familiar and unfamiliar elements can 
also be found in Dataponics. For example, none of the 
elements are completely unfamiliar, yet as the study 
shows Dataponics is an unfamiliar artefact as a whole. 
Such unfamiliarity creates disruption. By introducing an 
abnormal element into current practices, such social  
practices change as new relations appear between old 
elements and unfamiliar ones. Old relations between 
elements are also affected when introducing new 
elements. This is where, in my view, resides 
Dataponics’ transformative power. 
Design for evolving, growing bodies 
Technology for behavioural change is usually designed 
to address a particular stage in the process of change 
(Zhu & Madnick 2009), but then it becomes 
meaningless for further stages. The risk is high: 
something may work for a period, but the engagement 
and positive influence are lost after a couple of 
months. As we have discussed elsewhere (Rowe-
Roberts, Cercos & Mueller 2013), something similar 
happens with self-quantification devices when used 
alone. 
In some ways, I have addressed this issue by involving 
a growing body, i.e., a plant. However, it is not clear 
how such a system would evolve over time. For 
example, what if the plant grows larger than the pot 
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can contain? In other words: how should we design 
self-quantification systems that grow and evolve with 
the quantified bodies that are part of it? By using a 
plant in my system, I attempted to introduce a part 
which evolves autonomously. But as a plant is a 
growing body as well, it quickly reminds us of the 
challenge of supporting systems for changing bodies. 
How Dataponics transforms social sedentary 
practices and self-monitoring 
Dataponics introduces changes in the three 
dimensions of social practices: meanings, materials 
and knowledge (see section 2.2.2).  
Firstly, the meanings associated with sitting change 
when sitting becomes coupled with a living plant; it 
becomes visible as an issue and it creates 
consequences that affect other living beings. One 
consequence may be that the focus on health moves 
towards broader wellbeing, which involves more than 
just the human self. The shift from the self is perhaps 
the main change in meaning that Dataponics enables. 
This is important, as it expands the narcissistic focus of 
self-quantification systems, now framing individual 
behaviour as something that affects and is affected by 
a broader context. In this sense, Dataponics 
contributes to expanding the sense of relatedness, 
which according to self-determination theory may 
contribute to intrinsic motivation (see section 2.2.1). 
Secondly, it changes the materials and infrastructures 
of the social practices. The bundle consisting of plants, 
self-quantification devices, radio, light and so forth 
results in something that is more disruptive than these 
elements in isolation. As shown in my study, 
Dataponics was often a talking point, which helps 
make visible the problem of sitting practices. It also 
changes materials in terms of self-quantification data 
that is mainly numbers to be observed on a screen into 
something that is embodied in another living body.  
Finally, the coupling enables a new perspective on the 
data that is being produced by self-quantification 
systems, enabling different ways of knowing and, 
therefore, transforming the knowledge-creation 
process related to self-quantification systems. These 
new ways of knowing are related to both the slowness 
and the long-term effects of coupling data with plants. 
Dataponics introduces a change in the knowledge 
perspective by highlighting micro-activities over 
intense exercise, which I have found is counterintuitive 
compared with the current focus in intense exercise as 
the best/only/preferred path towards wellbeing. Such 
changes might contribute to consideration of 
sedentary practices, not only lack of exercise, as a 
relevant issue. 
By introducing Dataponics into a real context of use, I 
have been able to observe the disrupting power of an 
unfamiliar element that is coupled with social 
practices. However, such disruption should be 
balanced with less salient forms of operation in order 
to be effectively integrated into everyday life; in my 
study I observed how Dataponics was often placed in 
isolated places because it was too noisy or annoying.  
6.6 Conclusion 
In Dataponics: Human–Vegetal Play, I have mapped 
human physical activity as measured by a Fitbit to the 
amounts of light and water given to a potted plant. 
Also, the system measures the moisture in the growing 
hydroponic medium (in this case, expanded clay) that 
surrounds the plant’s roots and plays different internet 
radio stations according to the moisture level.  
The design of Dataponics: Human–Vegetal Play has 
allowed me to observe self-quantification from a 
different perspective and raise questions about its 
limits. I was able to explore the implications of 
coupling bodies using self-quantification data as a 
medium that can be modulated into different 
perturbation channels, with affective power that can 
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trigger structural transformations in the involved 
quantified bodies.  
I have discussed some design aspects that highlight the 
ethical implications of coupling living bodies through 
digital technology. It seems easy to fall into a utilitarian 
approach when designing for social change, and the 
idea of coupling quantified bodies enhances the 
possibilities of using other humans and also non-
humans as means to a desired end. In this regard, I 
consider that my design helps raise these critical issues 
without providing definitive answers. 
In terms of my overall research questions, Dataponics 
illustrates a practical way in which play can be enabled  
within self-quantification systems (Research Question 
1) and how such play can be integrated into sedentary 
practices (Research Question 2). Dataponics also 
provoked reflection and insights in the people who 
used it throughout a qualitative study, which gives us 
clues about ways in which such systems affect 
sedentary practices (Research Question 3). 
In this work, I wanted to explore unfamiliar forms of 
relatedness to a broader context that can be enacted 
using data about the self, and I hope this exploration 
will contribute to critically evolving the ways in which I 
design and experience self-quantification in everyday 
lives to enact social change.  
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Chapter 7           
Integration 
workshop
7.1 Introduction 
As an attempt to integrate knowledge from the 
different projects of this research, I conducted a 
workshop with 18 participants who had different roles 
throughout this research (i.e., they were participants, 
collaborators or co-designers in at least one of the 
projects). The workshop participants had a diversity of 
backgrounds as: designers, computer scientists, 
engineers, game designers, clinicians and staff from 
the healthcare institution which sponsored this 
research project.  
7.2 Workshop design 
I designed a sequence of activities and supporting 
material inspired by IDEO’s Design Thinking crash-
course,9 which aims to facilitate the ideation and 
prototyping of “radical ideas”. The main workshop 
                                                
9 http://dschool.stanford.edu/dgift/ (accessed 22 
December 2016) 
challenge was to “design a future initiative with self-
monitoring devices”.  
I started with a 15-minute introduction presenting the 
projects and the findings of my research. In the first 
stage, they followed an exercise in five groups of three 
or four participants, mixing their experiences from 
different projects when possible. Each group had a 
short open interview where each participant explained 
their own experience in their role (as participant, co-
designer, collaborator etc.). Then each participant had 
time to dig deeper into what they found interesting 
from the open interview, asking ‘why?’ several times if 
necessary.  
Each participant summarised their insights and needs 
to define a problem statement. Each participant then 
sketched several ideas to address this problem. 
Afterwards they discussed what they had sketched 
with their teams for feedback. This process was 
documented in an individual worksheet (Figure 36). 
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Then I asked them to pick the group’s most interesting 
idea and make it fit within certain categories using a set 
of guiding cards (Figure 37). Yellow cards were “target 
groups” which represented different types of users 
(e.g., office workers, students). Green cards were 
“approaches” for behaviour change (e.g., nudging, 
coupling, public displays). Finally, blue cards were 
“tensions” to reflect on related to how they would 
implement the group’s idea. Each group had to choose 
a target group (yellow card) and an approach (green 
card) that was aligned with the idea they chose earlier. 
Finally, I asked the teams to build a quick prototype in 
five minutes based on the idea, target group and 
approach they had selected (Figure 38). After finishing 
their prototype, each group picked two blue cards 
(tensions) randomly and reflected on them as a group. 
I finally facilitated an open discussion about each 
team’s outcome at the end with the whole group. 
I was interested in their insights based on their 
reflection on their roles in the projects of my research. 
My insights were also informed by the discussion and 
ideation process that they followed as a group of 
participants with different backgrounds, world views 
and experiences with self-quantification.  
7.2.1 Insights and emerging themes 
I now discuss the themes that emerged from the 
workshop’s discussion. 
Figure 36. Workshop participants completed a worksheet that guided the 
conversation. 
Figure 35. The workshop had 18 participants divided into five groups 
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The danger of a technology-centric approach 
One group stressed through their prototype—a 24/7 
communication device connected with a personal 
coach—the importance of keeping the “human link” 
(Group 4).  Another group suggested using deliberation 
as a strategy for engagement by, for example, enabling 
players to collectively choose the next challenge or 
whether they would embrace a competitive or 
collaborative approach with others (Group 2).  
Such ideas highlighted the limitations of technology-
driven solutions for understanding each person’s 
journey, with its own complexities and opportunities. 
One group mentioned the importance of “keeping 
things fresh” (Group 4) in order to sustain people’s 
engagement with their own process of change, 
stressing the importance of co-evolution (involving 
both the user and the system that is trying to facilitate 
change). Similarly, another group ideated modular 
building blocks that could be attached one to another 
and represent one’s own physical activity in a tangible 
form that grows over time (Group 5). Finally, one group 
mentioned “accountability to others” as a powerful 
force for change (Group 4).  
These insights shed light on the strengths and 
weaknesses of each project. For example, Dataponics 
embraces a co-evolutive approach which results in a 
different process for each player, supporting the player 
in the long term through a plant’s growth and health. 
However, we can only find a few examples in which 
deliberation was enabled in any of the three designs of 
my research. Changing the suggested height of Dyna 
and Dataponics’ voluntary coupling are only shallow 
examples of deliberation about the courses of action. 
On the other hand, Watch your Steps and Dyna 
enabled some levels of accountability to others, a 
dimension that could be emphasised in future 
iterations. 
More than just steps 
Another emergent theme was the bias towards a 
unidimensional approach when using self-
quantification devices. Related to this insight, one 
group envisioned a device that mixed different aspects 
of wellbeing other than physical activity (e.g., nutrition, 
Figure 37. I designed cards to facilitate discussion. Yellow cards were "target 
groups", green cards were "approaches" for behavior change and blue cards 
were "tensions" 
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social activity) in order to help the user achieve a good 
life through a more holistic view.  
Although I measured other variables of the interaction 
(e.g., Dyna’s table height, Dataponics’ soil moisture), in 
my design projects I considered human steps the main 
input. Based on this insight, I now envision possibilities 
of extending the idea of coupling to include other 
aspects of wellbeing. 
Keeping things simple: reducing the burden of 
self-quantification devices 
Another group ideated a self-quantification device 
which had a seamless operation; it did not require 
charging batteries, synchronisation and so forth 
(Group 1). They argued that everyday life is already full 
of complexities, therefore self-quantification system 
design should highlight simplicity and seamless 
operation. The main barriers detected by that group 
were related to the Fitbit device itself. 
Their insight highlights a problematic aspect of self-
quantification. Besides the lack of interest, many of the 
self-quantifiers withdraw due to device issues such as 
broken or faulty devices (Rowe-Roberts, Cercos & 
Mueller 2013). Such problems add another layer of 
complexity to the design of systems that involve self-
quantification. Although these problems may decrease 
in the future given the improvements in devices’ 
technology and design, simplicity remains an 
interesting design principle to explore. However, based 
on my insights from the studies of Dyna and 
Dataponics, such simplicity should be balanced with a 
necessary level of friction in order to achieve a 
balanced result which disrupts and transforms current 
social practices. Another group provided an example 
of the benefit of friction in self-quantification devices: 
“the device is a wearable reminder, that is it’s major 
benefit” (Group 5). 
 
Everyday things as anchors and facilitators 
One last insight that emerged in the open discussion 
was the possibility of using existing objects that are 
part of our everyday environments as “anchors” that 
facilitate change. For instance, one group suggested a 
technology that provides guidance about wellbeing 
and health using a regular [what?]. In this way, the habit 
of watching TV—something often related to sitting 
time—would work as an anchor for change (upper left 
in Figure 38).  
Another group mentioned the potential for reducing 
social pressure to reduce undesired habits by providing 
Figure 38. Each group built a lo-fi prototype and discussed it 
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some “authority” to an external object (Group 2). Dyna 
can serve as an example of such facilitation: a group of 
people sitting around a regular table creates social 
pressure over a new attendee to sit. Even if a height-
adjustable table is being used, a person needs courage 
to suggest changing the height of the meeting table in 
negotiation with the rest of the attendees. However, 
when the table itself suggests the change, the table 
pays the social price of disrupting the meeting, 
lowering the barriers for accepting the suggestion. We 
can think of other environments in which the same 
occurs: large events and lecture theatres, among 
others. How could the objects in such places disrupt 
and break down the social pressure to sit? That is an 
interesting question for designers who aim to 
transform sedentary practices. 
7.3 Summary 
The workshop allowed me to discuss some of the 
design principles and tensions that emerged from each 
design project with people who participated in the 
studies in different roles. The workshop participants 
took on the role of designers for a moment, reflecting 
on the complexities of designing self-quantification 
systems.  
The main outcomes from this exercise were insights 
that can inform future attempts to design for this 
space. Preserving a human link was one strategy for 
long-term engagement. Using everyday objects related 
to sitting as anchors and keeping interactions simple 
were strategies for successfully integrating self-
quantification into a life full of other complexities. 
Finally, considering a more holistic view of wellbeing 
which goes beyond the number of steps was another 
strategy that may have an impact when transforming 
sedentary practices. All of these strategies exemplify 
aspects that were intuitively included in the three 
projects of my work. The workshop contributed, 
therefore, to articulating such strategies in a more 
explicit form. 
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Chapter 8            
Discussion
8.1 Introduction 
From the three projects presented in Chapters 4–6, I 
have discussed results, insights and design reflections. 
However, such knowledge needs to be integrated and 
synthetised in relation to my overall research 
questions.  
In order to make sense from the different studies, in 
section 8.2 I attempt to find common design principles 
for coupling quantified bodies that synthesise the 
overall design approach that results from my work. 
Finally, I discuss some design tensions that are present 
when designing for coupling quantified bodies. 
8.2 Play-based design principles 
for coupling quantified 
bodies 
Although it is challenging to articulate a common 
definition of play (see discussion in section 2.3.1), I 
have embraced play as a core element of both design 
and research activities. ‘Would that be play?’ was a 
common design question when exploring possible 
courses of action in the research-through-design 
process. Therefore, I built a particular understanding of 
play in order to inform the different designs I 
developed. Such an understanding of play is an 
idealised one, embracing a play rhetoric of progress 
(Sutton-Smith 2001). When I asked myself ‘would that 
be play?’ I was considering play which respects 
autonomy and is self-regulated, voluntary, 
transformative and unpredictable. I was also thinking of 
play which highlights positive emotions, pleasure over 
suffering and so forth. In contrast, I acknowledge the 
existence of “dark play” in which players may not be 
aware that they are playing (for a complete discussion 
of dark play, see Mortensen, Linderoth & Brown 
(2015)), and play that is fully predictable, and play that 
does not challenge the status quo. Therefore, I 
acknowledge that this position towards play may be 
problematic for some play researchers as it has a 
somewhat limited view of what play is (for a exhaustive 
discussion of this topic, see Henricks (2008)). 
Based on the work I developed in this research and 
drawing on the views of play of different authors 
discussed in section 2.3.1, I characterise my idealised 
view of play as follows:  
Play is a transformative interaction which 
integrates rigidness and coupling with free 
movement and autonomy, through self-
motivated encounters that are potentially 
disruptive for the players, the coupling and the 
contexts in which they occur, through an open-
ended dynamic which is mostly unpredictable.  
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In this characterisation, the most important aspects for 
my work are related to the transformative nature of 
play, its integration of rigidness/coupling and free 
movement/autonomy and its disruptive potential. 
More than a final definition, I suggest this 
characterisation as one that can facilitate play design 
within interaction design. 
Based on the different views of play and the principles 
that have emerged from Watch your Steps, Dyna and 
Dataponics, I now articulate six play-based design 
principles for coupling quantified bodies. As with most 
of my design work, these principles are inspired by and 
share similar underpinnings to William Gaver’s Ludic 
Design, Mark Hassenzhal and Matthias Laschke’s 
aesthetic of friction (both discussed in 2.4.4 ) and Paul 
Dourish’s embodied interactions (discussed in 2.2.4). 
Principle #1: preserve players’ autonomy 
Some aspects of play are particularly difficult to grasp 
and translate into design decisions. In particular, 
understanding how to preserve players’ autonomy is 
problematic. Are we affecting autonomy if we add 
rules or pre-established regulation to the interaction 
that we distinguish as play? Here I embrace the idea 
that rules must facilitate, or at least make probable, 
autonomy. In this view, the rules of play in my designs 
aimed to ensure that players were aware of the rules 
and accepted them freely. In this light, coupling 
between quantified bodies, when it is embraced 
voluntarily and with awareness of the consequences, 
rather than limiting it realises autonomy. In contrast, 
introducing too much rigidness to the coupling would 
affect player autonomy. In sum, the coupling must be 
regulated by the coupled bodies themselves. 
In Dataponics I suggested two practical ways of 
preserving players’ autonomy: voluntary coupling and 
conditional coupling. In the first, players must actively 
decide whether they are coupling themselves to the 
other players or not. As such a decision may not be 
possible for non-human players (such as the plant in 
Dataponics), I suggest conditional coupling as a 
limitation that ensures that the coupling does not 
affect players’ viability. 
Principle #2: disruptive friction 
By mixing the transformative power of play (discussed 
in section 2.3.2) and Hassenzhal and Laschke’s 
aesthetic of friction (2015), I suggest a principle that 
consists of using play as the excuse to break social 
norms. Similar to Mads’ normative disruptions, which 
create excuses to interact and transgress (Hobye 2014), 
play has a transformative function through the 
potential of introducing friction to social practices that 
are being performed.  
By coupling quantified bodies, friction is included as a 
new, unfamiliar element of the social practices in 
which such bodies participate. Such friction disrupts 
these social practices in ways that are not predictable 
in advance. For example, in Dyna group meetings 
became different when linking groups’ activity to the 
table’s height. On the other hand, Dataponics explored 
less direct forms of friction which were related to 
affect. Both examples show how going against a vision 
of the transparency, seamlessness and convenience of 
technology can be a fruitful design path, especially 
when design aims to transform people’s lives. 
Principle #3: loose structure  
Related to the first principle (preserve players’ 
autonomy), the extent to which interactions are 
structured and externally regulated is another relevant 
aspect to consider when designing for coupling 
quantified bodies. The coupling itself provides a 
structure already, but one that should not completely 
establish all the possible courses of action. In sum, a 
loose structure, which mainly relies on coupling, 
leaves room for players’ autonomy to be exerted.  
Such a loose structure enables a balance between 
sense-making (through sensorimotor correlations from 
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the couplings) and randomness. It also resonates with 
Gaver’s Ludic Design, which uses ambiguity, 
uncertainty and open-ended interactions as key 
resources to elicit curiosity and playful engagement 
(Gaver 2002).  
In sum, this principle suggests designing digital systems 
which help people to find their own way towards 
wellbeing, rather than taking a ‘one size fits all’ 
approach.  
Principle #4: design for appropriation 
According to Dourish, a designer only suggests ways 
of creating meaning, but once designs are situated 
they become appropriated in ways that were not 
originally conceived by the designer (Dourish 2004b). 
This principle suggests designing couplings that 
stimulate appropriation. In part, this may be achieved 
by adopting a loose structure that leaves room for 
autonomy to be exercised. But appropriation goes 
beyond the reinterpretation of a particular design. It 
also includes how a design co-evolves with the users 
(or players, in this case), including contextual elements 
as key parts of the interactions. 
Appropriation is related to play in many ways. For 
instance, it enables unpredictable courses of action. In 
Dataponics, appropriation was addressed through the 
plant’s growth, among other forms in which plants can 
be appropriated and shaped by people (e.g., pruning, 
harvesting). Some may want to obtain outcomes like 
fruits or flowers, while others may focus on its growth 
or just observing the plant as a mirror. In Dyna and 
Watch your Steps, some players perceived the 
interaction as a time-management tool.  
Principle #5: subverting quantification  
Perhaps the most counterintuitive principle for 
designing for coupling quantified bodies is related to 
the avoidance of putting attention on the numbers 
when dealing with self-quantification data. This is also 
one of the effects of the coupling: by modulating 
digital self-quantification data into a perturbation to 
another body, the number disappears behind the effect 
that such a coupling has over the affected body. Such 
effects could be linear or non-linear, in relation to the 
modulated data, but in both cases numbers become 
concealed behind a body’s state, which leaves room 
for ambiguity and uncertainty to emerge, both of 
which are key elements when designing for the homo 
ludens (Gaver 2002). 
If we observe the evolution between the projects of 
this thesis, the most salient difference relates to the 
way in which data was modulated into a perceptible 
form in order to allow the emergence of meaning from 
the interaction. In my first experiment (two versions of 
Watch your Steps), data was modulated as a graphical 
representation of activities that occurred outside, in the 
everyday world, which some authors denote an 
informational approach (Boehner et al. 2007). In other 
words, everything that was shown in the screen had 
referential meaning in relation to something outside 
the interaction; step data was transformed into a 
visualisation that intended to communicate 
information about steps in the out-of-the-screen 
world.  
In contrast, in the other design projects we observe 
how meaning creation can be also enacted through 
data modulations that participate in the same everyday 
world that the data is trying to represent. For example, 
Dyna changed its height in the same environment in 
which sitting happened; it was not a representation of 
the table that changed, but the table itself. This is, in 
short, what is suggested by Dourish’s embodied 
interactions (2004b). Through our embodied 
interactions with each other and with the world, we 
“encounter, interpret and sustain meaning” (ibid., 
p.127). The evolution of the different projects of my 
research, from using a standalone Fitbit to Dataponics, 
is mapped in Figure 39 in terms of how 
informational/embodied and individual/shared the 
interactions are. 
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Part of the insights from my empirical attempts—trying 
out ‘in the wild’ the different self-quantification 
systems I designed—are related to the enrichment that 
an embodied stance brings to self-quantification. For 
example, in Dyna I was able to put into practice a 
dynamic form of nudging by modulating self-
quantification data into a physical form. Later in 
Dataponics, I put forward a radically different way of 
interacting with self-quantification systems. By 
including an autonomous agent (the plant) as the 
central part of the self-quantification process, I could 
explore design resources like uncertainty, slowness, 
ambiguity and affect, which are often disregarded in 
the context of self-quantification. All of these 
resources were enabled as the result of taking an 
embodied interaction approach.  
Using an embodied interaction approach in self-
quantification systems, however, adds different 
challenges to design. As shown, this approach enabled 
richer ways of self-quantification which would be 
otherwise less meaningful, yet this benefit comes with 
greater complexity, both technical and research-wise. I 
can speculate on a screen-based version of Dataponics 
in which a representation of a plant grows based on 
someone’s physical activity. Although this example has 
its own technical challenges, it would provide a more 
controlled environment in comparison with the actual 
tangible version; water, light, nutrients, pests, fungus, 
root health and so on would be parameters of the 
software. As it lives in our everyday material world, 
Dataponics is exposed to the uncertainties of our 
ecosystem (e.g., fungus killing the plant), which are, to 
a great extent, outside the agency of the designer.  
Conversely, the designer of a screen-based version of 
such a system needs to create representations of 
elements that are given in our tangible world: gravity, 
wind, sunlight and so on.  But at the same time, the 
designer would have the opportunity to use more 
abstract elements which do not try to represent our 
everyday world ‘as-is’ thanks to the possibilities of 
what we can modulate, for instance, using the screen. 
For example, it would be possible to simulate what 
Figure 39. The different projects can be mapped in terms of how social (shared/individual) and embodied/informational the 
interactions are 
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would happen with the plant in several scenarios or 
even change the way time passes, accelerating or 
slowing it down. Perhaps this gives us a clue about the 
main contribution of an embodied approach towards 
self-quantification: it works in opposition not to 
screen-based interactions but, rather, to 
representational approaches which try to emulate our 
everyday world without considering what the world 
itself affords. Regarding this, it would be interesting to 
see how the interaction with cyber-physical systems 
like Dyna and Dataponics would be different if abstract 
elements were added as a core part of such systems. 
In sum, embodied self-quantification offers some 
limitations which, in turn, can be very fruitful in terms 
of interaction design. Examples like Dyna and 
Dataponics show how self-quantification becomes 
more uncertain and ambiguous—that is to say, less 
quantitative—enabling new perspectives towards data 
which is generated by measuring the body and what 
we do with it. Dyna shows how we could embrace 
strategies like nudging in this context in meaningful 
ways which would be otherwise much more difficult. I 
brought forth interactions that had intrinsic 
uncertainty, slowness and ambiguity thanks to the 
structural coupling through tangible interactions with 
other autonomous, living bodies. These examples 
show the possibilities of embodied interactions within 
the context of self-quantification. 
Principle #6: subverting incentives through 
complex rewards and affect 
Perhaps the main resistance to social change is related 
to apathy and indifference. We observe it in politics 
and in many other spheres that involve collective 
choices about the ways in which we live. People may 
be aware of how important something is for their lives, 
but indifference and lack of enthusiasm make it difficult 
to take action over that thing. If we look at the problem 
of sitting and current self-quantification systems, we 
can easily find similar issues. In both my experiments 
and related literature, I found that the lack of 
engagement with devices that provide evidence about 
physical activity and the indifference towards the 
negative long-term effects of a sedentary lifestyle are 
key in maintaining the sedentary status quo.  
From the perspective of social practice theory, the 
pervasive sitting problem is not a matter of individual 
choice, but rather a social practice that is carried out 
and reproduced by individuals, and then built on:  
1. socially shared meanings associated with 
walking, sitting, etc.;  
2. the context of material objects that surround 
us; and 
3. different sorts of knowledge—both tacit and 
explicit—about the things we do in our 
everyday lives.  
How may we induce a change in any of these three 
dimensions through self-quantification in a context of 
apathy and indifference?  
In my work, I addressed this problem by introducing 
unfamiliar elements to the practice, such as a self-
adjusting meeting table, a hydroponic plant and a 
shared display of physical activity. The rationale behind 
doing this was to disrupt an installed practice. As I want 
to transform practices, I need to disrupt what is 
considered ‘familiar’ by changing meanings, materials 
and knowledge, so making the invisible visible. But as I 
found in my experiments, introducing unfamiliar 
elements to a practice does not ensure a significant 
transformation of that practice. 
But Dataponics also illustrates a way of overcoming a 
‘reward and punishment’ approach (discussed in 
section 2.2.1). In Dataponics, the effects of the 
coupling are slowly embodied into the plant in an 
uncertain way in which it is difficult to find direct links 
between one state of the plant and a particular action. 
By enabling a coupling between quantified bodies, 
more complex forms of reward which are not directly 
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conditional are enabled, overcoming the “intensely 
individualistic focus of quantifying the self” (Lupton 
2013). Such complex forms of reward, which involve 
affect and long-term relationships, are not part of 
current forms of self-quantification, although they may 
be a fertile approach to producing self-quantification 
that matters. 
8.3 Design tensions of self-
quantification beyond the 
self 
Besides the principles and insights discussed earlier, 
designers of couplings between quantified bodies 
need to face a diversity of decisions in many 
dimensions. The following six tensions show the 
multiple trade-offs that inform design decisions within 
this space and, in addition, how play ‘welcomes 
opposites’. 
Tension #1: transparency and awareness 
As I found in both Dyna and Dataponics, there is a 
tension between salient and ambient modes of 
operation. If we think of a system that is fully ambient, 
we may find that it is not disruptive enough; on the 
other hand, if we think of a system that is completely 
salient, we may find that it is too disruptive and, 
therefore, incompatible with everyday social practices. 
In order to become integrated into everyday life, 
unfamiliar elements should balance transparency and 
noticeability, taking advantage of mixing both modes 
of operation.  
Tension #2: slow and real-time sensorimotor 
correlations 
I explored both real-time feedback (Watch your Steps 
and Dyna) and hybrid feedback (Dataponics, which had 
both slow and real-time feedback). More than 
advocating for one or the other, I want to highlight that 
there is a trade-off between slow and fast forms of 
sensorimotor correlation. On the one hand, slow 
design leaves room for reflection and anticipation 
(Hallnäs & Redström 2001; Grosse-Hering et al. 2013; 
Odom et al. 2012). But as discussed in section 2.2.3, 
sense-making requires a history of sensorimotor 
correlations; when such correlations are delayed in 
time (e.g., there is a time separation between one 
player’s action and its effects on the other player), 
sense-making becomes more difficult. On the other 
hand, when real-time feedback is used, more 
opportunities for making sense are enabled, but such 
immediacy may backfire, resulting in little engagement 
or surprise. This tension shows that there are 
opportunities for hybrid operations in which slow and 
fast modulations are mixed.  
Tension #3: competition and collaboration  
Throughout the different design projects, I explored 
both competitive (Watch your Steps) and collaborative 
dynamics (Dyna and Dataponics). Yet none of them 
enforced a particular dynamic. For example, in Watch 
your Steps the data was only displayed; it was up to 
players to decide whether to compete or collaborate 
based on what they observed in the display. 
Throughout the studies, I witnessed how motivating 
competition can be for some people. The opposite 
was also true: competition was demotivating for 
others. Therefore, by coupling quantified bodies, a 
competitive or collaborative dynamic is not necessarily 
pre-established, but the system accepts different kinds 
of players: those that are competitive and those that 
are not. However, the tension between collaboration 
and competition remains, as players may enact both 
modes of interaction. 
Tension #4: embodied and screen-based 
interactions  
This tension reflects the trade-offs involved in 
designing for screen-based and for tangible 
interactions. On the one hand, many people are used 
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to interacting with screens in different ways, for 
example with their mobile phones, personal 
computers, TV and so forth.  
On the other hand, embodied interactions bring 
another set of challenges. As I found in both 
Dataponics and Dyna studies, interactions that are not 
screen-based often disrupt everyday life. For example, I 
found that, by taking this approach, the original 
functionality of the things that participated in the 
interaction could be affected (e.g., in Dyna the table 
was noisy and uncomfortable to use in some positions 
and when it moved). Also, because of the intrinsic 
ambiguity and uncertainty that tangible interactions 
bring, sense-making is sometimes difficult (e.g., in 
Dataponics participants did not know whether the 
system was working fine or not).  
Therefore, when designing for play with self-
quantification data, a decision has to be made in terms 
of the level of tangibility of interfaces, the embodiment 
of the interactions and the extent to which the sense-
making process is supported by screens or other 
means. In this research, I did not explore hybrid forms 
of interaction that mix embodied interactions with 
screen-based ones; however, there might be 
opportunities in such mixtures.  
Tension #5: forgetting and persistence of data 
When data is being collected and stored, it can be used 
to find long-term trends and revisit the past. However, 
accessing past performance data can trigger negative 
feelings for the user, like guilt at recalling poor 
performance on a particular task. In contrast, systems 
can be designed to forget, which, in turn, may be 
perceived as forgiveness. I took such approach in the 
different projects I developed, as a way of avoiding 
negative feelings when revisiting past data. However, 
positive feelings of reinforcement can also come from 
revisiting past data. Therefore, designers of self-
quantification systems should be aware of this tension 
and decide on the level of forgiveness that they want 
to allow.  
Perhaps a way of dealing with this tension is by 
‘forgetting’ the details of a specific action (i.e., making it 
impossible to link a past action with an effect), but still 
maintaining some of its aggregated effects. For 
example, in Dataponics sustained actions may have 
long term-effects, yet it was not possible to understand 
the effect of each individual action. This shows two 
forms of coupling: one that is detached (e.g., Dyna) as 
it does not enable long-term effects from the 
interactions; and another that is affective (e.g., 
Dataponics) as it enables long-term effects from the 
interactions. 
Tension #6: controlling the courses of action or 
enabling open-ended interactions 
Interactions that are open-ended elicit more engaging 
and appropriative forms of play in comparison with 
those that offer limited courses of action (Gaver 2014; 
Gaver et al. 2004). But open-ended interactions have 
their own challenges, related to the uncertainty from 
the designer’s perspective of how the designs will be 
appropriated and explored. We can say the same for all 
designs, but when the courses of action are limited, 
the options are reduced and therefore the design 
problem is smaller. This trade-off creates a tension 
between limiting the courses of action (which 
facilitates design and increases the designer’s agency) 
and enabling open-ended interactions (which 
increases the players’ agency but makes design more 
challenging).  
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8.4 Conclusion 
In this chapter my aim has been to integrate 
knowledge and insights from all of the projects and 
activities of this research project. I started by describing 
the outcomes generated from the workshop I 
conducted with participants and designers that aimed 
to synthesise insights from different approaches. I then 
discussed different principles that can shape a 
contribution, such as design methods (playful hacking), 
approach to motivation (complex rewards and affect) 
and approach to self-quantification (self-quantification 
beyond the self). I finally discussed some design 
tensions that can be found when designing play with 
self-quantification data, particularly when embracing 
the approach that I denote coupling quantified bodies. 
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Chapter 9            
Conclusion
9.1 Journey summary 
I started this journey with the idea of exploring ways in 
which self-quantification could be more meaningful 
and integrated into our everyday practices.   
In my first attempt, Watch your Steps, I observed some 
of the things that happen when self-quantification data 
becomes available in near real-time for a group of co-
workers. This project shows how self-quantification 
data adopts new meanings and interpretations when it 
becomes situated in everyday spaces. Just by making 
the data available in a social setting, self-quantification 
was appropriated for different purposes and elicited 
playful behaviour. 
Later, in Dyna, I explored how self-quantification 
changed when acquiring a tangible form which related 
to the sitting practices I wanted to transform. This 
project allows us to discover the possibility of enabling 
play through coupling the data with the different 
elements that work as the infrastructure which enable 
our everyday social practices. By making the self-
quantification data tangible using everyday objects, it 
attained a new dimension which created tensions 
between the objects’ functionalities and how people 
used the space. By coupling tangible bodies through 
self-quantification, practices were disrupted and 
transformed.  
My last project, Dataponics, allowed me to explore 
embodied forms of self-quantification which subverted 
its narcissistic focus. By coupling quantified bodies that 
are autonomous—a human and a plant—an open-
ended dynamic of transformation was enabled.  
These experiments can be seen as an evolution in 
which self-quantification was situated and publicly 
shared at the beginning, later made tangible and 
coupled to the practices that it aimed to transform, and 
finally embodied in other living bodies, which made it 
affective, unpredictable and open-ended.  
We can also see a progression from self-quantification 
centred on the individual to self-quantification that has 
significance beyond the self. I argue that such 
evolution expands the transformative possibilities of 
self-quantification systems.  
Finally, we can see a progression from play of a lower 
order to play of a higher order. Arguably, self-
quantification enables play by itself, but this is a limited 
form of play in which the outcome is more important 
than the process. By coupling quantified bodies, self-
quantification enables play that is less focused on the 
outcome and more focused in the relationship with the 
other bodies that are coupled; in other words, from 
play that is less autotelic to more autotelic forms of 
play. 
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9.2 Back to the research 
questions 
I now provide a summary of how I have moved 
forward in terms of answering the original research 
questions of this research.  
RQ1: How may we enable meaningful interactions 
within self-quantification systems? 
In section 2.3 I discussed different views of play. Based 
on this review, I built an understanding which 
characterises play as something transformative which 
integrates rigidness with movement and coupling with 
autonomy. I also discussed play-inspired approaches 
towards design such as William Gaver’s Ludic Design 
(2002) and Laschke and Hassenzhal’s Pleasurable 
Troublemakers (2015). These views have informed and 
inspired the three design projects of my research. 
In Watch your Steps, demonstrated the opportunities 
of coupling self-quantifiers using a situated display that 
displayed the data in a shared physical space. Although 
it created interesting social dynamics (e.g., cheating, 
competition and appropriation for productivity 
measurement, among others), engagement with 
Watch your Steps did not last for a long period. 
The design of Dyna involved creating couplings with 
everyday objects, making self-quantification data 
perceptible using tangible objects that are related to 
sedentary practices such as a table. However, the 
players found that the table’s changes were difficult to 
interpret meaningfully, showing some of the 
limitations of such an approach. 
Finally, in Dataponics I explored how coupling with 
other living bodies can enable play between humans 
and other species using self-quantification data. Such 
coupling enacted a more interesting form of play 
compared with the other projects, given the intrinsic 
ambiguity and uncertainty that the plant added to the 
interaction.  
In sum, we can enable meaningful interactions within 
self-quantification systems through play by creating 
couplings between the bodies that are being 
quantified. These couplings bring forth different levels 
of intensity with different levels of transformative 
power. If the coupling (the ‘more rigid structure’) does 
not destroy the autonomy of the involved bodies (‘free 
movement’), it enables play between them (‘free 
movement within a more rigid structure’). 
RQ2: How could we integrate such meaningful 
interactions into sedentary practices? 
After meaningful interactions are enabled through 
play, a different challenge is integrating such play into 
current social practices in order to transform them. In 
Chapter 2 I discussed different ways in which self-
quantification systems can enable play and how such 
play has been integrated into everyday life. In 
particular, I described related works in four groups: 
screen-based interactions; digital games; tangible 
representations; and interactive artefacts. In this 
project, I explored screen-based interactions in Watch 
your Steps, tangible representations in Dyna and 
interactive artefacts in Dataponics.  
In Watch your Steps, I found that a situated display may 
not be disruptive enough to become integrated into 
the social practices that it aimed to transform. 
However, some players were enthusiastic about their 
data being displayed publicly, which motivated some 
of the participants to integrate Watch your Steps as 
part of their daily routines. 
On the other hand, Dyna is a good example of play-
based self-quantification being integrated into 
sedentary practices like work meetings, although its 
disruptiveness may be problematic for some 
environments. However, this project shows the 
opportunities for creating an ecosystem of tangible 
everyday objects that represent relevant data about 
ourselves in non-numerical forms. 
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Finally, in Dataponics I enabled a coupling with another 
element that lives with us in many different 
environments: plants. A plant can be on top of a desk, 
inside an office, in the centre of a dinner table and so 
forth. Dataponics, therefore, shows how we can 
extend the notion of self-quantification and play to 
other species, which, in turn, can be easily integrated 
into our social practices. 
In sum, we can integrate transformative play into self-
quantification systems by coupling elements that 
participate in the social practices we want to transform 
through self-quantification data. 
RQ3: How do social practices change by using this 
particular approach? 
This is, perhaps, the question that has a less direct 
answer. In attempting to answer it, I firstly introduced 
social practice theory (Section 2.2.2). In particular, I 
learned that some authors suggest that social practices 
are made up of three kind of elements: materials, 
shared meanings and knowledge. In order to transform 
social practices, we can change the elements, break 
the links between those elements or introduce new 
elements that create new links with new meanings, 
materials or knowledge (see Figure 40). From that 
point, I could analyse how social practices (in this case, 
sedentary ones) may change through play that draws 
on self-quantification data.  
Firstly, this approach transforms social practices by 
introducing unfamiliar elements to these practices. 
One example is Dataponics. By introducing an external 
actor (the plant) that is linked to the social practice 
(because of the coupling), the practices change 
accordingly.  
Secondly, by coupling quantified bodies, meanings are 
also changed, as actions that would not be particularly 
relevant otherwise (like walking a couple of steps) now 
have an perceptible effect on another living body.  Figure 40. By coupling quantified bodies, we are transforming the 
elements that constitute social practices 
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Finally, materials are also changed by this approach. 
For example, in Dyna a table changes its height, 
influencing the subsequent behaviour of the people 
that use it.  
The main research question is ‘How may we design 
meaningful self-quantification systems for play and 
wellbeing?’ Such a question does not have a short 
answer. It is possible, though, to suggest a short 
summary of what has been learned throughout this 
journey: meaning can be enabled through play by 
coupling quantified bodies, which, in turn, transforms 
the elements of the social practices (Figure 40). 
Through different modulations of self-quantification 
data, couplings which affect skills, meanings, and 
materials which constitute social practices are enabled, 
transforming such practices. Such process of play—
free movement (autonomy) within a more rigid 
structure (couple)— opens possibilities for systems that 
help players achieving wellbeing.     
9.3 Contributions 
The contributions of this research are threefold. 
Firstly, the three prototypes provide a contribution for 
interaction designers who want to explore novel forms 
of self-quantification. By looking at Watch your Steps, 
Dyna and Dataponics, such designers may find 
inspiration about the possibilities of self-quantification 
and move forward to more radical forms of it, in 
particular self-quantification beyond the self. These 
prototypes have also led to a series of design insights 
that may contribute to enriching the design process of 
future self-quantification systems.  
Secondly, the idea of coupling quantified bodies 
contributes a broad design strategy to enable play and 
open-ended interactions without prescribing or 
limiting the courses of action. This approach provides a 
practical way of embracing Ludic Design in the context 
of self-quantification and embodied interactions. 
Finally, there is a contribution related to the studies and 
the methods I have used in them. With clear 
methodological limitations, the studies provide insights 
from observations in real contexts of use, which can be 
useful for future attempts to design similar systems. In 
particular, the experiences described in this thesis can 
help designers to become aware of some of the 
challenges for self-quantification systems related to 
real contexts of use. The variety of methods I have 
engaged with—from participant observation to cultural 
probes—also provide different perspectives and results 
that may be interesting for the interaction design 
community. 
9.4 Limitations 
Part of the limitations of the work I present here are 
related to the approach to design that I have 
embraced. As I took a research-through-design 
approach, throughout this research I was always 
iterating and testing prototypes at different levels of 
maturity, which in the end made it difficult to 
recognise the right time to conduct a more formal 
study. Therefore, I had to balance the enormous 
efforts I put into the messy process of ideating, 
designing and developing each project with the need 
to conduct more formal enquiries into the several 
prototypes I built.  
Although I was able to conduct user studies for the 
three projects, it would be interesting to observe the 
results of studies with more participants in other 
contexts of use. For most of the studies I also drew on 
co-workers and colleagues as participants, which may 
have introduced biases into the results. Finally, due to 
time limitations, I did not explore in detail the effects of 
each prototype on long-term physical activity, which is 
what motivated this investigation in the first place.  
Another limitation is that I did not study different 
versions of Dataponics, as I did with Dyna and Watch 
your Steps (both of which had a second version and 
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follow-up user study). For instance, it would be 
interesting to study a social version of Dataponics in 
which a group is coupled to the plant. Similarly, I did 
not build or study an individual version of Dyna. 
Finally, the technical difficulties related to studying 
prototypes in real contexts of use affected participants’ 
experiences. Although it is difficult to understand 
exactly how such disruptions in the experience 
affected participants’ engagement and perceptions, it 
would still be interesting to understand how people 
would interact with similar prototypes in the long term 
without such technical difficulties. 
9.5 Future work  
In my work, I have focused on sedentary practices. 
However, the principles developed here can be applied 
in other fields in which self-quantification systems are 
used, such as energy consumption, productivity, stress 
relief, mindfulness and meditation, among others. In 
such cases, I speculate that the couplings would be 
very different to the ones I have implemented here. 
However, I also believe that the coupling quantified 
bodies approach can contribute a fresh view in all of 
these domains. 
I have also embraced in this work a particular set of 
values, including preserving autonomy, facilitating 
social interactions, and avoiding coercion and 
manipulation. However, it would be interesting to 
extend this work by embracing different values, such 
as designing for isolation, rule-based interactions and 
even forms of dark play. 
Finally, this work has explored artefacts in isolation. It 
would be interesting to extend this work by creating 
ecosystems in which several quantified bodies 
participate in the couplings. Related to this, I envision a 
future in which self-quantification is connected to all 
sorts of things that surround us. In such speculation, 
for example, all the elements of a room—including its 
walls, illumination, temperature and so forth—would 
change according to the self-quantification data of the 
person who is going into it. I wonder how such 
choreographies would be, and how they would 
transform how we live in the world. 
9.6 Concluding remarks  
In this work, I have explored ways in which self-
quantification can become more meaningful. At the 
core of such attempts is a critical view of the real 
contribution to health of self-quantification systems 
with a somewhat narcissistic focus. However, 
throughout this enquiry I have been able to find 
interesting ways of reinterpreting self-quantification 
data in order to subvert its intrinsic individualistic focus; 
designing self-quantification beyond the self has 
perhaps been the greatest challenge of this work. 
With this work, in sum, I aim to expand our 
understanding of the transformative possibilities of 
play in the context of self-quantification and the 
transformation of social practices.  
 
 
 
 124 
 
 
References
Abend, P & Fuchs, M 2016, 
‘Quantified Selves and 
Statistical Bodies’, in transcript 
Verlag, Bielefeld. 
ABIResearch 2013, ‘Wearable 
Computing Devices, Like 
Apple’s iWatch, Will Exceed 
485 Million Annual Shipments 
by 2018’, accessed March 4, 
2017, from 
<https://www.abiresearch.co
m/press/wearable-
computing-devices-like-
apples-iwatch-will/>. 
Alben, L 1996, ‘Quality of 
experience: defining the 
criteria for effective interaction 
design’, Interactions, vol. 3, no. 
3, pp. 11–15, accessed from 
<http://portal.acm.org/citation
.cfm?doid=332040.332433>. 
Allen, AL 2008, ‘Dredging up the 
past: Lifelogging, Memory, and 
Surveillance’, The University of 
Chicago Law Review, vol. 75, 
no. 1, pp. 47–74, accessed 
from 
<http://www.jstor.org/pss/201
41900>. 
Axelos, K 1979, ‘Play as the System 
of Systems’, SubStance, vol. 8, 
no. 4, pp. 20–24, accessed 
from 
<http://www.jstor.org/stable/3
684210>. 
Bandura, A 1977, ‘Toward a 
unifying theory of behavioral 
change’, Psychological 
Review, vol. 84, no. 2, pp. 191–
215, accessed from 
<http://www.apa.org/pubs/jou
rnals/rev/>. 
Bandura, A 1989, ‘Human agency 
in social cognitive theory’, 
American 
Psychologist;American 
Psychologist, vol. 44, no. 9, 
pp. 1175–1184, accessed from 
<http://psycnet.apa.org/psycin
fo/1990-01275-001>. 
Bandura, A 1997, Self-efficacy the 
Exercise of control, Worth 
Publishers, accessed from 
<http://scholar.google.com.au
/scholar.bib?q=info:PWqR9xsPl
pkJ:scholar.google.com/&out
put=citation&hl=en&as_sdt=0,
5&ct=citation&cd=2>. 
Bateson, G 1955, ‘A theory of play 
and fantasy.’, Psychiatric 
research reports, accessed 
February 16, 2017, from 
<http://psycnet.apa.org/psycin
fo/1957-00941-001>. 
Berlyne, DE 1960, Conflict, arousal, 
and curiosity, McGraw-Hill 
Book Co, New York, accessed 
from 
<http://ovidsp.ovid.com/ovid
web.cgi?T=JS&PAGE=referenc
e&D=psyc1&NEWS=N&AN=20
06-09643-
011%5Cnhttp://content.apa.or
g/books/11164-011>. 
Berlyne, DE, Elkind, D, Suedfeld, P, 
Kaye, SM, Katz, JM, 
Bringmann, WG, Myers, CR & 
Weinstein, MS 1975, 
‘Behaviourism? Cognitive 
Theory? Humanistic 
Psychology?—To Hull with 
Them All!’, PSYCHOLOGIE 
CANADIENNE, vol. 16, no. 2. 
Bissell, D 2008, ‘Comfortable 
bodies: Sedentary affects’, 
Environment and Planning A, 
vol. 40, no. 7, pp. 1697–1712. 
Blake, J 1999, ‘Overcoming the 
“value action gap” in 
environmental policy: 
Tensions between national 
policy and local experience’, 
Local Environment, vol. 4, no. 
3, pp. 257–278, accessed from 
<http://www.tandfonline.com/
doi/abs/10.1080/1354983990
8725599>. 
Boehner, K, DePaula, R, Dourish, P 
& Sengers, P 2007, ‘How 
emotion is made and 
measured’, International 
Journal of Human Computer 
Studies, vol. 65, no. 4, pp. 275–
291. 
Bogost, I 2007, Persuasive Games. 
The Expressive Power of 
Videogames., MIT Press, 
accessed from 
<http://search.ebscohost.com
 125 
 
 
/login.aspx?direct=true&db=a9
h&AN=37562275&site=ehost-
live>. 
Bogost, I 2014, ‘WHY 
GAMIFICATION IS BULLSHIT’, 
in The Gameful World, 
Approaches, Issues, 
Applications, MIT Press, pp. 
65–80, accessed from 
<http://www.jstor.org/stable/j.
ctt1287hcd.7>. 
Bomsdorf, C 2013, ‘Goldfish in a 
Blender? Marco Evaristti Calls 
It Art’, The Wall Street Journal, 
accessed from 
<http://blogs.wsj.com/speakea
sy/2013/08/28/marco-
evaristti-and-his-goldfish-are-
still-making-waves/>. 
Brownson, RC, Baker, EA, 
Housemann, RA, Brennan, LK 
& Bacak, SJ 2001, 
‘Environmental and policy 
determinants of physical 
activity in the United States’, 
American Journal of Public 
Health, vol. 91, no. 12, pp. 
1995–2003, accessed from 
<http://ajph.aphapublications.
org/doi/abs/10.2105/AJPH.91.
12.1995>. 
Burghardt, GM 2005, The genesis 
of animal play: Testing the 
limits, Mit Press. 
Caillois, R 1961, Man, play, and 
games, University of Illinois 
Press. 
Campbell, T, Ngo, B & Fogarty, J 
2008, ‘Game design principles 
in everyday fitness 
applications’, in Proceedings 
of the 2008 ACM conference 
on Computer supported 
cooperative work, pp. 249–
252, accessed from 
<http://doi.acm.org/10.1145/1
460563.1460603>. 
Candy, L 2006, ‘Practice Based 
Research:A Guide’, CCS report, 
vol. V1. 
Caplan, R 1978, ‘His perspective, 
chairs as symbols of 
civilization and cultures’, P. 
Bradford (prod.), B. Prete (ed.) 
Chair: The Current State of the 
Art, with the Who, the Why 
and the What of it, pp. 8–19. 
Cercós, R, Goddard, W, Nash, A & 
Yuille, J 2016, ‘Coupling 
Quantified Bodies’, Digital 
Culture & Society, vol. 2, no. 1, 
pp. 177–182. 
Cercos, R & Mueller, F 2013, ‘Watch 
your steps: Designing a semi-
public display to promote 
physical activity’, in ACM 
International Conference 
Proceeding Series. 
Chalfen, R 2015, Seeing ourselves 
through technology – How 
we use selfies, blogs, and 
wearable devices to see and 
shape ourselves, Palgrave 
Macmillan. 
Chamovitz, D 2012, What a plant 
knows: a field guide to the 
senses, Macmillan. 
Chen, J, Dourish, P, Hayes, GR & 
Mazmanian, M 2014, ‘From 
interaction to performance 
with public displays’, Personal 
and ubiquitous computing, 
vol. 18, no. 7, pp. 1617–1629. 
Choe, EK, Lee, NB, Lee, B, Pratt, W 
& Kientz, JA 2014, 
‘Understanding Quantified-
Selfers’ Practices in Collecting 
and Exploring Personal Data’, 
Proceedings of the 32nd 
Annual ACM Conference on 
Human Factors in Computing 
Systems, pp. 1143–1152, 
accessed from 
<http://dl.acm.org/citation.cf
m?id=2557372>. 
Consolvo, S, Everitt, K, Smith, I & 
Landay, J a. 2006, ‘Design 
requirements for technologies 
that encourage physical 
activity’, in Proceedings of the 
SIGCHI conference on Human 
Factors in computing systems 
- CHI ’06, pp. 457–466, 
accessed from 
<http://dl.acm.org/citation.cf
m?id=1124772.1124840>. 
Consolvo, S, Klasnja, P, McDonald, 
DW, Avrahami, D, Froehlich, J, 
LeGrand, L, Libby, R, Mosher, K 
& Landay, J a. 2008, ‘Flowers 
or a robot army?: Encouraging 
awareness & activity with 
personal, mobile displays’, in 
Proceedings of the 10th 
international conference on 
Ubiquitous computing - 
UbiComp ’08, pp. 54–63, 
accessed from 
<http://dl.acm.org/citation.cf
m?id=1409635.1409644>. 
Consolvo, S, Landay, JA & 
McDonald, DW 2009, 
‘Designing for behavior 
change in everyday life’, 
Computer, vol. 42, no. 6, pp. 
86–89, accessed from 
<http://www.pensivepuffin.co
mwww.pensivepuffin.com/dw
mcphd/papers/Consolvo.et.al.
IEEEComputer.preprint.pdf>. 
Consolvo, S, Libby, R, Smith, I, 
 126 
 
 
Landay, J a., McDonald, DW, 
Toscos, T, Chen, MY, 
Froehlich, J, Harrison, B, 
Klasnja, P, LaMarca, A & 
LeGrand, L 2008, ‘Activity 
sensing in the wild’, in Proc. 
CHI ’08, ACM Press, p. 1797, 
accessed from 
<http://portal.acm.org/citation
.cfm?doid=1357054.1357335>. 
Cooper, AR, Sebire, S, 
Montgomery, AA, Peters, TJ, 
Sharp, DJ, Jackson, N, 
Fitzsimons, K, Dayan, CM & 
Andrews, RC 2012, ‘Sedentary 
time, breaks in sedentary time 
and metabolic variables in 
people with newly diagnosed 
type 2 diabetes’, Diabetologia, 
vol. 55, no. 3, pp. 589–599, 
accessed from 
<http://link.springer.com/articl
e/10.1007/s00125-011-2408-
x>. 
Cowdery, J, Majeske, P, Frank, R & 
Brown, D 2015, ‘Exergame 
Apps and Physical Activity: The 
Results of the ZOMBIE Trial’, 
American Journal of Health 
EducationOnline) Journal 
American Journal of Health 
Education, vol. 464, pp. 1932–
5037, accessed from 
<http://www.tandfonline.com/
action/journalInformation?jour
nalCode=ujhe20%5Cnhttp://w
ww.tandfonline.com/loi/ujhe2
0%5Cnhttp://dx.doi.org/10.108
0/19325037.2015.1043063>. 
Cranz, G 2000, The chair: 
Rethinking culture, body, and 
design, WW Norton & 
Company. 
Crawford, K, Lingel, J & Karppi, T 
2015, ‘Our metrics, ourselves: 
A hundred years of self-
tracking from the weight scale 
to the wrist wearable device’, 
European Journal of Cultural 
Studies, vol. 18, no. 4–5, pp. 
479–496, accessed from 
<http://ecs.sagepub.com/cont
ent/18/4-
5/479%5Cnhttp://ecs.sagepub.
com/content/18/4-
5/479.full.pdf%5Cnhttp://ecs.s
agepub.com/cgi/doi/10.1177/1
367549415584857>. 
Cross, N 1999, ‘Design research: A 
disciplined conversation’, 
Design issues, vol. 15, no. 2, 
pp. 5–10. 
Crotty, M 1998, The foundations of 
social science research: 
Meaning and perspective in 
the research process, Sage. 
Deci, EL, Koestner, R & Ryan, RM 
1999, ‘A meta-analytic review 
of experiments examining the 
effects of extrinsic rewards on 
intrinsic motivation.’, 
Psychological bulletin, vol. 
125, no. 6, pp. 627-68-700, 
accessed from 
<http://www.ncbi.nlm.nih.gov
/pubmed/10589297>. 
Design-Council 2005, ‘The “double 
diamond”design process 
model’, Design Council. 
Deterding, S, Sicart, M, Nacke, L, 
O’Hara, K & Dixon, D 2011, 
‘Gamification. using game-
design elements in non-
gaming contexts’, in 
Proceedings of the 2011 
annual conference extended 
abstracts on Human factors in 
computing systems - CHI EA 
’11, p. 2425, accessed from 
<http://portal.acm.org/citation
.cfm?doid=1979742.1979575>. 
van Dijk, JJ 2013, ‘Creating traces, 
sharing insight: explorations in 
embodied cognition design’,. 
Direito, A, Jiang, Y, Whittaker, R & 
Maddison, R 2015, ‘Apps for 
IMproving FITness and 
increasing physical activity 
among young people: The 
AIMFIT pragmatic randomized 
controlled trial’, Journal of 
Medical Internet Research, vol. 
17, no. 8. 
Dorrestijn, S 2012, ‘Technical 
mediation and subjectivation: 
Tracing and extending 
foucault’s philosophy of 
technology’, Philosophy and 
Technology, vol. 25, no. 2, pp. 
221–241. 
Dourish, P 2004a, ‘What we talk 
about when we talk about 
context’, Personal and 
Ubiquitous Computing, vol. 8, 
no. 1, pp. 19–30. 
Dourish, P 2004b, Where the 
action is: the foundations of 
embodied interaction, MIT 
press. 
Dreyfus, HL 1991, Being-in-the-
world: A commentary on 
Heidegger’s Being and Time, 
Division I, Mit Press. 
Dunne, A 2005, Hertzian Tales. 
Electronic Products, Aesthetic 
Experience, and Critical 
Design,. 
Duvivier, BM, Schaper, NC, 
Bremers, MA, van 
Crombrugge, G, Menheere, 
PP, Kars, M & Savelberg, HH 
2013, ‘Minimal intensity 
 127 
 
 
physical activity (standing and 
walking) of longer duration 
improves insulin action and 
plasma lipids more than 
shorter periods of moderate to 
vigorous exercise (cycling) in 
sedentary subjects when 
energy expenditure is 
comparable’, PloS one, vol. 8, 
no. 2, p. e55542, accessed 
from 
<http://dx.plos.org/10.1371/jou
rnal.pone.0055542>. 
Eberle, SG 2014, ‘The Elements of 
Play Toward a Philosophy and 
a Definition of Play’, American 
Journal of Play, vol. 6, no. 2, 
pp. 214–233. 
Ellis, MJ 1973, Why people play 1st 
edn, University of Minnesota, 
Minnesota. 
Ertmer, PA & Newby, TJ 1993, 
‘Behaviorism,Cognitivism,Con
structivism:Comparing Critical 
Features From an Instructional 
Design Perspectives’, 
Performance Improvement 
Quarterly, vol. 6, no. 4, pp. 
50–72, accessed from 
<http://search.proquest.com/d
ocview/218524680?accountid
=14744%5Cnhttp://fama.us.es/
search*spi/i?SEARCH=089859
52%5Cnhttp://pibserver.us.es/
gtb/usuario_acceso.php?centr
o=$USEG&centro=$USEG&d=1
>. 
Fallman, D 2008, ‘Interaction 
Design Research Triangle of 
Design Practice, Design 
Studies, and Design 
Exploration’, Design Issues, 
vol. 24, no. 3, pp. 4–18, 
accessed from 
<http://www.mitpressjournals.
org/doi/abs/10.1162/desi.2008
.24.3.4>. 
Fan, C, Forlizzi, J & Dey, A 2012, ‘A 
spark of activity: exploring 
informative art as visualization 
for physical activity’, 
Proceedings of the 2012 ACM 
Conference on, accessed 
February 16, 2017, from 
<http://dl.acm.org/citation.cf
m?id=2370229>. 
Fernaeus, Y, Tholander, J & 
Jonsson, M 2008, ‘Towards a 
new set of ideals: 
consequences of the practice 
turn in tangible interaction’, in 
Proceedings of the 2nd 
international conference on 
Tangible and embedded 
interaction, pp. 223–230. 
Fitbit 2015, Form S-1 Registration 
statement, Fitbit Inc,. 
Fodor, JA 1983, ‘The modularity of 
mind.’, The MLT, p. Press, 
accessed from 
<http://linkinghub.elsevier.co
m/retrieve/pii/B978148321446
750011X>. 
Von Foerster, H 1979, ‘Cybernetics 
of Cybernetics’, Review 
Literature And Arts Of The 
Americas, vol. 8, pp. 5–8, 
accessed from 
<http://www.springerlink.com
/content/g210842l28163414/>
. 
Fogg, BJ 2003, ‘Persuasive 
Technology: Using Computers 
to Change What We Think and 
Do’, Persuasive Technology 
Using Computers to Change 
What We Think and Do, vol. 5, 
no. 1, p. 283, accessed from 
<http://books.google.com/bo
oks?id=r9JIkNjjTfEC&pgis=1>. 
Forlizzi, J & Battarbee, K 2004, 
‘Understanding experience in 
interactive systems’, in 
Proceedings of the 2004 
conference on Designing 
interactive systems processes, 
practices, methods, and 
techniques - DIS ’04, p. 261, 
accessed from 
<http://portal.acm.org/citation
.cfm?doid=1013115.1013152>. 
Foster, D, Linehan, C & Lawson, S 
2010, ‘Motivating physical 
activity at work: Using 
persuasive social media 
extensions for simple mobile 
devices’, CEUR Workshop 
Proceedings, vol. 690, pp. 11–
14, accessed from 
<http://www.scopus.com/inw
ard/record.url?eid=2-s2.0-
79952335215&partnerID=40&
md5=f20670896c4918f248c9
9ecdbaacdf6e>. 
Galesic, M & Garcia-Retamero, R 
2011, ‘Do low-numeracy 
people avoid shared decision 
making?’, Health Psychology, 
accessed February 16, 2017, 
from 
<http://psycnet.apa.org/journa
ls/hea/30/3/336/>. 
Gaver, B & Martin, H 2000, 
‘Alternatives: exploring 
information appliances 
through conceptual design 
proposals’, Proceedings of the 
SIGCHI conference on Human 
Factors in Computing Systems 
- CHI ’00, vol. 2, no. 1, pp. 
209–216. 
Gaver, W 2002, ‘Designing for 
Homo Ludens’, I3 Magazine, 
pp. 3–6, accessed from 
 128 
 
 
<http://citeseerx.ist.psu.edu/vi
ewdoc/download?doi=10.1.1.1
18.2688&rep=rep1&type=pdf%
5Cnpapers3://publication/uuid
/F399D01B-944E-44FA-BC2B-
DA5179C7A357>. 
Gaver, W 2012, ‘What Should We 
Expect From Research 
Through Design?’, CHI ’12 
Proceedings of the SIGCHI 
Conference on Human Factors 
in Computing Systems, no. 12, 
pp. 937–946, accessed from 
<http://dl.acm.org/citation.cf
m?id=2208538>. 
Gaver, W 2014, ‘Homo ludens 
(subspecies politikos)’, in The 
Gameful World, Approaches, 
Issues, Applications, MIT Press, 
pp. 513–526, accessed from 
<http://www.jstor.org/stable/j.
ctt1287hcd.40>. 
Gaver, W, Boucher, A, Pennington, 
S & Walker, B 2004, ‘Cultural 
probes and the value of 
uncertainty’, Interactions - 
Funology, vol. 11(5), no. 
September to October, pp. 
53–56, accessed from 
<http://eprints.gold.ac.uk/472
0/>. 
Gaver, WW, Beaver, J & Benford, S 
2003, ‘Ambiguity as a resource 
for design’, in SIGCHI 
conference on Human factors 
in computing systems, ACM, 
pp. 233–240, accessed from 
<http://portal.acm.org/citation
.cfm?id=642611.642653&amp;
type=series>. 
Gaver, WW, Bowers, J, Boehner, K, 
Boucher, A, Cameron, DWT, 
Hauenstein, M, Jarvis, N & 
Pennington, S 2013, ‘Indoor 
Weather Stations: Investigating 
a Ludic Approach to 
Environmental HCI Through 
Batch Prototyping’, CHI ’13 
Proceedings of the SIGCHI 
Conference on Human Factors 
in Computing Systems, pp. 
3451–3460, accessed from 
<http://dl.acm.org/citation.cf
m?id=2466416.2466474>. 
Gaver, WW, Bowers, J, Boucher, A, 
Gellerson, H, Pennington, S, 
Schmidt, A, Steed, A, Villars, N 
& Walker, B 2004, ‘The Drift 
Table": Designing for Ludic 
Engagement’, Proceeding, CHI 
’04 extended abstracts on 
Human factors in computing 
systems, no. ACM, pp. 885–
900. 
Goddard, W & Cercos, R 2015, 
‘Playful hacking within 
research-through-design’, in 
OzCHI 2015: Being Human - 
Conference Proceedings. 
Gordon, G 2014, ‘Well played: the 
origins and future of 
playfulness’, American Journal 
of Play, vol. 6, no. 2, p. 234. 
Grbich, C 1999, Qualitative 
Research in Health: An 
Introduction, Sage, accessed 
from 
<http://books.google.com.au/
books?hl=en&lr=&id=MeMB9w
p0p5sC&oi=fnd&pg=PR7&dq=
Qualitative+Research+in+Healt
h&ots=_F_-
jto3yI&sig=YPxEz8eN1tBOzO1
OjwFtEgsTP9k>. 
Grosse-Hering, B, Mason, J, 
Aliakseyeu, D, Bakker, C & 
Desmet, P 2013, ‘Slow design 
for meaningful interactions’, in 
Proceedings of the SIGCHI 
Conference on Human Factors 
in Computing Systems, pp. 
3431–3440. 
Hadorn, GH, Pohl, C, Hoffmann-
Riem, H, Biber-Klemm, S, 
Wiesmann, U, Grossenbacher-
Mansuy, W, Zemp, E & Joye, D 
2008, Handbook of 
transdisciplinary research,. 
Hallnäs, L & Redström, J 2001, 
‘Slow technology - designing 
for reflection’, Personal and 
Ubiquitous Computing, vol. 5, 
no. 3, pp. 201–212. 
Hamari, J, Koivisto, J & Sarsa, H 
2014, ‘Does gamification 
work? - A literature review of 
empirical studies on 
gamification’, in Proceedings 
of the Annual Hawaii 
International Conference on 
System Sciences, pp. 3025–
3034. 
Hamilton, MT, Healy, GN, Dunstan, 
DW, W.Zderic, T & Neville 
Owen 2008, ‘Too Little 
Exercise and Too Much 
SittingSitting: Inactivity 
Physiology and the Need for 
New Recommendations on 
Sedentary Behavior’, Curr 
Cardiovasc Risk Rep, vol. 2, no. 
4, pp. 292–298, accessed from 
<http://link.springer.com/articl
e/10.1007/s12170-008-0054-
8>. 
Hammersley, M & Atkinson, P 1995, 
Ethnography: principles in 
practice, Routledge. 
Hans, JS 1981, The play of the 
world, Univ of Massachusetts 
Press. 
Haraway, D 1992, ‘Cyborg 
Manifesto - Simians, Cyborgs, 
 129 
 
 
and Women.pdf’, in Simians, 
Cyborgs, and Women: The 
Reinvention of Nature, pp. 
149–181. 
Harrington, HJ 1991, ‘Business 
process improvement: The 
breakthrough strategy for total 
quality, productivity, and 
competitiveness’, Journal of 
public health management 
and practice": JPHMP, vol. 16, 
pp. 104–9. 
Harrison, S & Dourish, P 1996, ‘Re-
place-ing space’, in 
Proceedings of the 1996 ACM 
conference on Computer 
supported cooperative work - 
CSCW ’96, pp. 67–76, 
accessed from 
<http://dl.acm.org/citation.cf
m?id=240080.240193>. 
Hassenzahl, M & Laschke, M 2015, 
‘Pleasurable troublemakers’, 
The gameful world: 
Approaches, issues, 
applications, pp. 167–195. 
Hassenzahl, M & Tractinsky, N 
2006, ‘User experience - a 
research agenda’, Behaviour & 
Information Technology, vol. 
25, no. 2, pp. 91–97, accessed 
from 
<http://www.tandfonline.com/
doi/abs/10.1080/0144929050
0330331%5Cnhttp://linkinghu
b.elsevier.com/retrieve/pii/S07
49597884710594>. 
Healy, GN, Dunstan, DW, Salmon, 
J, Cerin, E, Shaw, JE, Zimmet, 
PZ & Owen, N 2008, ‘Breaks in 
sedentary time’, Diabetes 
Care, vol. 31, no. 4, pp. 661–
666, accessed from 
<http://care.diabetesjournals.o
rg/content/31/4/661.abstract>. 
Heidegger, M 1962, ‘Being and 
time. 1927’, Trans. John 
Macquarrie and Edward 
Robinson. New York: Harper. 
Henricks, TS 2008, ‘The Nature of 
Play: An Overview’, American 
Journal of Play, pp. 157–180. 
Henricks, TS 2015, ‘Play as a Basic 
Pathway to the Self’, American 
Journal of Play, vol. 7, no. 3, 
pp. 271–297. 
Hobye, M 2014, Designing for 
Homo Explorens: open social 
play in performative frames, 
Faculty of Culture and Society 
Malm{ö} University. 
Huizinga, J 1955, Homo Ludens: A 
Study of the Play Element in 
Culture, Beacon Press. 
Hurley, S 2001, ‘Perception and 
action: Alternative views’, 
Synthese, vol. 129, no. 129, pp. 
3–40, accessed from 
<http://wrap.warwick.ac.uk/11
591/>. 
Husserl, E 1982, ‘General 
introduction to a pure 
phenomenology’, Ideas 
pertaining to a pure 
phenomenology and to a 
phenomenological 
philosophy, no. 1st bk, p. xxiii, 
401 . 
Ihde, D 1995, ‘What Is 
postphenomenology?’, 
Postphenomenology: Essays 
in the postmodern context, pp. 
5–23. 
Intille, SS 2002, ‘Designing a home 
of the future’, IEEE Pervasive 
Computing, vol. 1, no. 2, pp. 
76–82. 
Ishii, H 2008, ‘Tangible bits: 
beyond pixels’, Proceedings of 
the 2nd international 
conference on Tangible and 
Embedded Intreaction (TEI 
’08), pp. xv–xxv, accessed 
from 
<http://dl.acm.org/citation.cf
m?id=1347392%5Cnhttp://tacti
le-
resources.wikispaces.asu.edu/f
ile/view/Tangible+Bits+Beyon
d+Pixels.pdf/256894244/Tangi
ble+Bits+Beyond+Pixels.pdf>. 
Ishii, H 2008, ‘The tangible user 
interface and its evolution’, 
Communications of the ACM, 
vol. 51, no. 6, pp. 32–36, 
accessed from 
<http://portal.acm.org/citation
.cfm?doid=1349026.1349034>
. 
Ishii, H 2009, ‘Tangible user 
interfaces’, in A Sears & J 
Jacko (eds), CRC Press, pp. 
142–157. 
Jackson, C 1997, ‘Behavioral 
science theory and principles 
for practice in health 
education’, Health Education 
Research, vol. 12, no. 1, pp. 
143–150. 
Jafarinaimi, N, Forlizzi, J, Hurst, A & 
Zimmerman, J 2005, 
‘Breakaway’, in CHI ’05 
extended abstracts on Human 
factors in computing systems  
- CHI ’05, p. 1945, accessed 
from 
<http://portal.acm.org/citation
.cfm?doid=1056808.1057063>
. 
Jakicic, JM, Davis, KK, Rogers, RJ, 
King, WC, Marcus, MD, Helsel, 
D, Rickman, AD, Wahed, AS & 
 130 
 
 
Belle, SH 2016, ‘Effect of 
wearable technology 
combined with a lifestyle 
intervention on long-term 
weight loss: the IDEA 
randomized clinical trial’, 
Jama, vol. 316, no. 11, pp. 
1161–1171. 
Jorgensen, DL 1989, PARTICIPANT 
OBSERVATION": A 
Methodology for Human 
Studies (Applied Social 
Research Methods), Sage. 
Khaled, R, Barr, P, Noble, J, Fischer, 
R & Biddle, R 2007, ‘Fine 
tuning the persuasion in 
persuasive games’, in 
Persuasive Technology, 
Springer, pp. 36–47, accessed 
from 
<http://www.springerlink.com
/index/y5t8020025342h98.pdf
>. 
Khot, RA, Hjorth, L & Mueller, F 
‘Floyd’ 2014, ‘Understanding 
physical activity through 3D 
printed material artifacts’, 
Proceedings of the 32nd 
annual ACM conference on 
Human factors in computing 
systems - CHI ’14, pp. 3835–
3844, accessed from 
<http://dl.acm.org/citation.cf
m?doid=2556288.2557144>. 
Khot, RA, Lee, J, Aggarwal, D, 
Hjorth, L & Mueller, F ‘Floyd’ 
2015, ‘TastyBeats: Designing 
Palatable Representations of 
Physical Activity’, Proceedings 
of the ACM CHI’15 Conference 
on Human Factors in 
Computing Systems, vol. 1, pp. 
2933–2942, accessed from 
<http://dx.doi.org/10.1145/270
2123.2702197>. 
Khot, RA, Pennings, R & Mueller, F 
‘Floyd’ 2015, ‘EdiPulse: Turning 
Physical Activity Into 
Chocolates’, Extended 
Abstracts of the ACM CHI’15 
Conference on Human Factors 
in Computing Systems, vol. 2, 
pp. 331–334, accessed from 
<http://dx.doi.org/10.1145/270
2613.2725436>. 
Klemmer, SR, Hartmann, B & 
Takayama, L 2006, ‘How 
Bodies Matter: Five Themes for 
Interaction Design’, in DIS ‘06 
Proceedings of the 6th 
conference on Designing 
Interactive Systems, pp. 140–
149, accessed from 
<http://dl.acm.org/citation.cf
m?id=1142429>. 
Koskinen, I, Zimmerman, J, Binder, 
T, Redstrom, J & Wensveen, S 
2011, Design research through 
practice: From the lab, field, 
and showroom, Elsevier. 
Kuijer, SC 2014, ‘Implications of 
Social Practice Theory for 
Sustainable Design’,. 
Kumar, J 2013, ‘Gamification at 
work: Designing engaging 
business software’, in Lecture 
Notes in Computer Science 
(including subseries Lecture 
Notes in Artificial Intelligence 
and Lecture Notes in 
Bioinformatics), pp. 528–537. 
Latour, B 1999, ‘Pandora’s hope: 
Essays on the reality of science 
studies’, Essays on the Reality 
of Science Studies, p. 332, 
accessed from 
<http://scholar.google.com/sc
holar?hl=en&btnG=Search&q=i
ntitle:Pandora’s+hope#6>. 
Lee, VR, Drake, JR, Cain, R & 
Thayne, J 2015, ‘Opportunistic 
uses of the traditional school 
day through student 
examination of Fitbit activity 
tracker data’, in Proceedings of 
the 14th International 
Conference on Interaction 
Design and Children - IDC ’15, 
pp. 209–218, accessed from 
<http://dl.acm.org/citation.cf
m?doid=2771839.2771861>. 
Li, I, Dey, AK & Forlizzi, J 2011, 
‘Understanding my data, 
myself’, in Proceedings of the 
13th international conference 
on Ubiquitous computing - 
UbiComp ’11, p. 405, accessed 
from 
<http://dl.acm.org/citation.cf
m?doid=2030112.2030166>. 
Lim, BY, Shick, A, Harrison, C & 
Hudson, S 2011, ‘Pediluma: 
Motivating Physical Activity 
Through Contextual 
Information and Social 
Influence’, Tei 2011, pp. 173–
180. 
Lin, JJ, Mamykina, L, Lindtner, S, 
Delajoux, G & Strub, HB 2006, 
‘Fish’n’Steps: Encouraging 
Physical Activity with an 
Interactive Computer Game’, 
in UbiComp 2006: Ubiquitous 
Computing, Springer, pp. 261–
278, accessed from 
<http://link.springer.com.libpr
oxy.usc.edu/chapter/10.1007/
11853565_16%5Cnfiles/3571/L
in et al. - 2006 - Fish?n?Steps 
Encouraging Physical Activity 
with 
a.pdf%5Cnfiles/3588/10.html>. 
Locke and Latham 1994, ‘Goal 
Setting Theory’, Motivation: 
 131 
 
 
Theory and Research, p. 332, 
accessed from 
<http://books.google.com/bo
oks?hl=en&lr=&id=MlbiKo0gpy
YC&pgis=1>. 
Löwgren, J 2002, ‘How far beyond 
human-computer interaction 
is interaction design?’, Digital 
Creativity, vol. 13, no. 3, pp. 
186–189. 
Luhmann, N 1995, Social systems, 
Stanford University Press. 
Lupton, D 2013, ‘Understanding 
the human machine 
[commentary]’, IEEE 
Technology and Society 
Magazine, vol. 32, no. 4, pp. 
25–30. 
Maller, C 2012, ‘Using social 
practice theory to understand 
everyday life: Outcomes for 
health and wellbeing’, The 
Annual Conference of the 
Australian Sociological 
Association: Emerging and 
Enduring Inequalities, pp. 1–
16. 
Maslow, AH 1943, ‘A theory of 
human motivation.’, 
Psychological review, vol. 50, 
no. 4, p. 370. 
Maturana, HR 1974, ‘The 
Organization of the Living": A 
Theory of the Living 
Organization’, Int. J. Human-
Computer Studies, vol. 51, no. 
June 1974, pp. 149–168. 
Maturana, HR & Varela, F 1980, 
Autopoiesis and cognition the 
realization of the living. With a 
pref. to autopoiesis by Sir 
Stafford beer, Springer. 
Maturana, HR & Varela, FJ 1987, 
‘The tree of knowledge: the 
biological roots of human 
understanding’, Shambhala 
Publications, p. 263. 
Miettinen, R & Virkkunen, J 2005, 
‘Epistemic Objects, Artefacts 
and Organizational Change’, 
Organization, vol. 12, no. 3, pp. 
437–456, accessed from 
<http://org.sagepub.com/cont
ent/12/3/437.abstract>. 
Miller, D 2010, Stuff, Polity. 
Miltenberger, RG 2011, Behavior 
modification: Principles and 
procedures. 5th edn,. 
Moore, P 2015, ‘The Quantified 
Self: What counts in the 
neoliberal workplace’, New 
Media & Society, pp. 1–14. 
Mortensen, TE, Linderoth, J & 
Brown, AML 2015, The Dark 
Side of Game Play: 
Controversial Issues in Playful 
Environments, Routledge. 
Nash, A & Penney, T 2015, ‘The 
radical productivity of play’, in 
The Philosophy of Computer 
Games Conference, Berlin, 
accessed February 16, 2017, 
from 
<http://gamephilosophy2015.
btk-fh.de/wp-
content/uploads/2015/09/Nas
hPenney-
RadicalProductivityofPlay.pdf>
. 
Neff, G & Nafus, D 2016, The Self-
Tracking, MIT Press. 
Newell, A & Simon, HA 1972, 
Human problem solving, 
Prentice-Hall Englewood 
Cliffs, NJ. 
Nietzsche, FW 1888, Ecce Homo, 
C.G. Newmann, Leipzig. 
Norman, GJ, Zabinski, MF, Adams, 
MA, Rosenberg, DE, Yaroch, 
AL & Atienza, AA 2007, ‘A 
Review of eHealth 
Interventions for Physical 
Activity and Dietary Behavior 
Change’, American Journal of 
Preventive Medicine, vol. 33, 
no. 4, pp. 336–345, accessed 
from 
<http://www.ncbi.nlm.nih.gov
/pmc/articles/PMC2180189/p
df/nihms31581.pdf>. 
NPD 2016, ‘Year-Over-Year 
Wearables Spending Doubles, 
According to NPD’, accessed 
March 4, 2017, from 
<https://www.npd.com/wps/p
ortal/npd/us/news/press-
releases/2016/year-over-year-
wearables-spending-doubles-
according-to-
npd/?utm_source=twitter&ut
m_medium=social&utm_cont
ent=Oktopost-twitter-
profile&utm_campaign=Oktop
ost-Press+Releases>. 
O’Hara, K 2003, Public and 
Situated Displays: Social and 
Interactional Aspects of Shared 
Display Technologies, 
accessed from 
<http://www.amazon.co.uk/d
p/1402016778>. 
Odom, W, Selby, M, Sellen, A, Kirk, 
D, Banks, R & Regan, T 2012, 
‘Photobox: on the design of a 
slow technology’, Proceedings 
of the Designing Interactive 
Systems Conference, pp. 665–
668, accessed from 
<http://dl.acm.org/citation.cf
 132 
 
 
m?id=2318055>. 
Onofrei, M, Hunt, J, Siemienczuk, 
J, Touchette, DR & Middleton, 
B 2004, ‘A first step towards 
translating evidence into 
practice: Heart failure in a 
community practice-based 
research network’, Informatics 
in Primary Care, vol. 12, no. 3, 
pp. 139–145, accessed from 
<http://search.ebscohost.com
/login.aspx?direct=true&db=s3
h&AN=54886818&site=ehost-
live>. 
Orji, R, Mandryk, RL, Vassileva, J & 
Gerling, KM 2013, ‘Tailoring 
persuasive health games to 
gamer type’, in Proceedings of 
the SIGCHI Conference on 
Human Factors in Computing 
Systems - CHI ’13, pp. 2467–
2476, accessed from 
<http://dl.acm.org/citation.cf
m?id=2470654.2481341>. 
Owen, N, Sparling, PB, Healy, GN, 
Dunstan, DW & Matthews, CE 
2010, ‘Sedentary behavior: 
emerging evidence for a new 
health risk’, in Mayo Clin Proc, 
pp. 1138–1141, accessed from 
<http://www.ncbi.nlm.nih.gov
/pubmed/21123641>. 
Owen, N, Sugiyama, T, Eakin, EE, 
Gardiner, PA, Tremblay, MS & 
Sallis, JF 2011, ‘Adults’ 
sedentary behavior: 
Determinants and 
interventions’, American 
Journal of Preventive 
Medicine, vol. 41, no. 2, pp. 
189–196, accessed from 
<http://www.sciencedirect.co
m/science/article/pii/S074937
9711003229>. 
Pantzar, M & Ruckenstein, M 2014, 
‘The heart of everyday 
analytics: emotional, material 
and practical extensions in 
self-tracking market’, 
Consumption Markets & 
Culture, vol. 3866, no. April, 
pp. 1–18, accessed from 
<http://dx.doi.org/10.1080/102
53866.2014.899213%5Cnhttp:/
/www.tandfonline.com/doi/ab
s/10.1080/10253866.2014.899
213>. 
Di Paolo, E, Rohde, M & De 
Jaegher, H 2011, ‘Horizons for 
the Enactive Mind: Values, 
Social Interaction, and Play’, 
Enaction": toward a new 
paradigm for cognitive 
science, no. April, pp. 33–90. 
Piaget, J 1962, Play, dreams and 
imitation in childhood, Norton. 
Pink, DH 2011, Drive: The 
surprising truth about what 
motivates us, Penguin. 
Ploderer, B, Reitberger, W, Oinas-
Kukkonen, H & Gemert-Pijnen, 
J 2014, ‘Social interaction and 
reflection for behaviour 
change’, Personal and 
Ubiquitous Computing, vol. 18, 
no. 7, pp. 1667–1676. 
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